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SUMMARY OF PROCEEDINGS OF THE 61ST ANNUAL 
MEETING 


The 61st Castings Congress and Ist Engineered 
Castings Show of the American Foundrymen’s Society 
was held in Cincinnati, Ohio, May 6 to 10, 1957. 
Ninety exhibitors at the Ist Engineered Castings Show 
included foundries, pattern shops, metals and alloys 
producers and testing equipment manufacturers. 

Registered attendance of 5400 was greater than for 
any previous alternate-year AFS Castings Congress, 
and included design engineers, castings buyers and 
foundrymen. Eighty-five papers were presented at 45 
Technical Sessions, which included five popular Shop 
Courses. 

The Charles Edgar Hoyt Memorial Lecture was de- 
livered by H. Bornstien, Moline, Ill., on the subject 
“Progress in Iron Castings,” and is published start- 
ing on page | of this volume. 

A summary of the sessions held follows: 

Monday, May 6, 7:30 AM 
AuTHoRS BREAKFAST 

Monday, May 6, 9:00 AM 
MALLEABLE SESSION 

Presiding—E. J. Stockum, Dayton Malleable Iron Co., Dayton, 
Ohio. 

H. C. Stone, Belle City Malleable Iron Co., Racine, Wis. 
Secretary—R. H. Greenlee, Auto Specialties Mfg. Co., St. Joseph, 

Mich. 

Comparison of Properties of Liquid and Air Quenched Pearlitic 
Malleable Iron—Report of Committee 6-E—R. W. Heine, Uni- 
versity of Wisconsin, Madison, Wis. 

Combustion Controls in Duplex Air Furnace Practice—L. E. 
Emery, Marion Malleable Iron Works, Div. Chicago Railway 
Equipment Co., Marion, Ind. 

Some Observations on Galvanizing Embrittlement of Malleable 
Iron—R. W. Sandelin, Connors Steel Div., H. K. Porter Co., 
Inc., Birmingham, Ala. 

Monday, May 6, 9:00 AM 
PATTERN SESSION 

Presiding—J. W. Costello, American Hoist & Derrick Co., St. Paul, 
Minn. 

O. C. Bueg, Arrow Pattern & Engineering Co., Erie, Pa. 
Secretary—N. C. Jones, New York Air Brake Co., Watertown, 

N. Y. 

Metal Corebox Equipment—W. E. Mason, Westinghouse Air 
Brake Co., Wilmerding, Pa. 

Engineering Aids for Sealing Coreboxes Against Blowbys—R. L. 
Olson, Dike-O-Seal, Inc., Chicago. 

Monday, May 6, 9:00 AM 
STEEL SESSION 

Presiding—A. J. Kiesler, General Electric Co., Schenectady, N. Y. 
C. J. Zilch, Bucyrus-Erie Co., South Milwaukee, Wis. 

Secretary—-D. L. Hall, Oklahoma Steel Castings Div., American 
Steel & Pump Corp., Tulsa, Okla. 

Welding Steel Casting with Carbon Dioxide as a Shielding Agent 
—J. J. Chyle, A. O. Smith Corp., Milwaukee. 

Effect of Carbon and Manganese on Properties of Constructional 
Steels for Dynamic Loading—R. D. Engquist, American Steel 
Foundries, East Chicago, Ind. 

Hydrogen as It Affects Steel Castings—A. E. Gross, Ohio Steel 
Foundries, Springfield, Ohio. 


Monday, May 6, 9:00 AM 
STATISTICAL METHODS FOR THE FouNDRY INDUSTRY 


Presiding—R. C. Shnay, Canada Iron Foundries Ltd., Toronto. 

Secretary—J. M. Leaman, Lebanon Steel Foundry, Lebanon, Pa. 

Quality Control for the Foundry Foreman—J. J. Henry, Missouri 
Steel Castings Co., Joplin, Mo. 

Statistics at General Electric—J. H. Davidson, General Electric 
Co., Schenectady, N. Y. 

Administrative Engineering Applications of Statistical Methods— 
J. L. Dolby, General Ele..ric Co., Schenectady, N. Y. 

A Foundry Application of the Master Control System—N. P. 
Demos, General Electric Co., Schenectady, N. Y. 


Monday, May 6, 12:00 Noon 
STEEL Rounp TABLE LUNCHEON 


Presiding—C. B. Jenni, General Steel Castings Corp., Eddystone, 
Pa. 
D. L. Hall, Oklahoma Steel Castings Div., American Steel & 
Pump Corp., Tulsa, Okla. 

Subject—Do the New Processes Work for You? 


Monday, May 6, 2:30 PM 
CasTincs ENGINEERING 
Presiding—AFS President, Frank W. Shipley. 
AFS Vice-President, Harry W. Dietert. 
Subject—An Automotive Engineer Views the Foundry. 
Speaker—H. F. Barr, Chief Engineer, Chevrolet Motor Div., 
General Motors Corp., Detroit. 


Monday, May 6, 3:00 PM 
AFS Orriciat Lapiges’ TEA 


Monday, May 6, 4:00 PM 
SAFETY, HEALTH AND LEGISLATION SESSION 
Presiding—J. R. Allan, Allan Industries, Inc., Melbourne, Fila. 
K. M. Smith, Caterpillar Tractor Co., Peoria, Ill. 
Institute of British Foundrymen Official Exchange Paper. 
Health and Safety—Sir George Barnett, Ministry of Labor, Eng- 
land. Official Exchange Paper, Institute of British Foundry- 
men. (To be presented by H. T. Walworth, Lumbermen’s 
Casualty Co., Chicago.) 
Legislation Affecting Foundries—H. J. Weber, American Foundry- 
men’s Society, Des Plaines, Ill. 


Monday, May 6, 4:00 PM 
FUNDAMENTAL PAPERS SESSION 

Presiding—W. D. Walther, Dayton Steel Foundry Co., Dayton, 
Ohio. 

H. Rosenthal, Arwood Precision Casting Corp., Brooklyn, N. Y. 

Secretary—M. C. Flemings, Massachusetts Institute of Technology, 
Cambridge, Mass. 

The Fluidity of a Series of Magnesium. Alloys—J. E. Niesse, M. C. 
Flemings and H. F. Taylor, Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 

The Fluidity of Some Aluminum Alloys—S. Floreen and D. V. 
Ragone, University of Michigan, Ann Arbor, Mich. 

Influence of Vibration on Solidifying Metals—A. H. Freedman 
and J. F. Wallace, Case Institute of Technology, Cleveland. 
Investigation of Metallurgical and Mechanical Effects in Develop- 
ment of Hot Tearing—H. F. Bishop, C. C. Ackerlind and W. S. 

Pellini, Naval Research Laboratory, Washington, D.C. 





SUMMARY OF PROCEEDINGS 


Monday, May 6, 4:00 PM 
SAND SESSION 

Presiding—Wm. M. Ball III, The Hill & Griffith Co., Cincinnati. 
L. J. Pedicini, General Motors Corp., Detroit. 

Secretary—Jose Acebo, Ohio Malleable Div., Dayton Malleable 
Iron Co., Columbus, Ohio. 

New Techniques for Finding “Come and Go” Causes That Affect 
Quality—E. C. Zuppann, The Oliver Corp., South Bend, Ind. 

How to Determine Moisture Requirements of Molding Sands— 
R. W. Heine, University of Wisconsin, Madison, Wis.; E. H. 
King and J. S. Schumacher, The Hill & Griffith Co., Cincinnati. 


Monday, May 6, 8:00 PM 
MALLEABLE SHOP CouRSE 
Subject—Graphitization Theory and Mechanics. 
Effects of Chemistry and Melting Conditions on Overall Cycles. 
Panel Members—F. W. Jacobs, Texas Foundries, Inc., Lufkin, 
Texas; J. T. Bryce, Albion Malleable Iron Co., Albion, Mich.; 
L. R. Jenkins, Wagner Malleable Iron Co., Decatur, IIl.; G. B. 
Mannweiler, Eastern Malleable Iron Co., Naugatuck, Conn.; 
W. J. Amsbary, Ohio Brass Co., Mansfield, Ohio; L. E. Emery, 
Marion Malleable Iron Works, Div. Chicago Railway Equip- 
ment Co., Marion, Ind.; W. A. Zeunik, National Malleable & 
Steel Castings Co., Indianapolis; C. R. Sorensen, National 
Malleable & Steel Castings Co., Cicero, Ill. 


Tuesday, May 7, 7:30 AM 
AuTHORS BREAKFAST 


Tuesday, May 7, 9:00 AM 
PATTERN SESSION 
Presiding—D. T. Kindt, Kindt-Collins Co., Cleveland. 
Secretary—J. M. Kreiner, National Malleable & Steel Castings Co., 
Cleveland. 
Cast Epoxy Pattern Equipment—J. B. Templeman, Templeman 
Pattern Works, Chicago. 
Plastics in Pattern Making—H. A. Burton, Canadian Stee] Found- 
ries, Ltd., Montreal, Quebec, Canada. 


Tuesday, May 7, 9:00 AM 
AFS INstITUTE TRUSTEES 


Tuesday, May 7, 9:00 AM 
HEARING AND RADIATION SESSION 
Presiding—J. R. Allan, Allan Industries, Inc., Melbourne, Fla. 
K. M. Smith, Caterpillar Tractor Co., Peoria, Il. 
Loss of Hearing May Cost You Money—Dr. P. J. Whitaker, Allis- 
Chalmers Mfg. Co., Milwaukee. 
Radiation Is Hazardous—F. A. Van Atta, National Safety Council, 
Chicago. 


Tuesday, May 7, 9:00 AM 

STATISTICAL METHODS FOR THE Founpry INpbusTRY 
Presiding—W. K. Bock, National Malleable & Steel Castings Co., 

Cleveland. 

E. C. Zuppann, The Oliver Corp., South Bend, Ind. 
Secretary—R. L. Yard, Lebanon Steel Foundry, Lebanon, Pa. 
Quality Control in a Small Foundry—J. J. Henry, Missouri Steel 

Castings Co., Joplin, Mo. 

Fractional Replication in Melting Experiments—J. Hromi, U.S. 

Steel Corp. 

Statistical Techniques for Attainment of Optimum Processing 

Condition—A. M. Schneider, American Cyanimid Co., Stamford, 

Conn. 


Tuesday, May 7, 9:00 AM 
STEEL SESSION 

Presiding—S. L. Gertsman, Dept. of Mines & Technical Surveys, 
Ottawa, Ont., Canada. 

J. A. Rassenfoss, American Steel Foundries, East Chicago, Ind. 

Secretary—E. H. Berry, Dodge Steel Co., Philadelphia. 

A Review of Steel Foundry Literature from Behind the Iron Cur- 
tain—A. J. Kiesler, General Electric Research Laboratory, 
Schenectady, N. Y. 

Austenitic Manganese Steel Technology in Australia—Hedley 
Thomas, Industrial Steels, Ltd., Australia. Presented by—H. E. 
Cragin, Jr., Taylor-Wharton Co., High Bridge, N. J. 

Grain Refinement of Stainless Steel Castings—J. L. Walker and 
A. J. Kiesler, General Electric Research Laboratory, Schenec- 
tady, N. Y. 


Tuesday, May 7, 12:00 Noon 
MALLEABLE Rounp TABLE LUNCHEON 

Presiding—B. C. Yearley, National Malleable & Steel Castings Co., 
Cleveland. i 
J. H. Lansing, Malleable Founders’ Society, Cleveland. 

Subject—Castings From the Users Standpoint. 

Speaker—Thomas Logan, Caterpillar Tractor Co., Peoria. 

Tuesday, May 7, 12:00 Noon 
PATTERN Rounp TaBLeE LUNCHEON 

Presiding—F. C. Cech, Cleveland Trade School, Cleveland. 

Secretary—R. W. Schroeder, University of Illinois, Chicago. 

Subject—European Foundries and Pattern Shops. 

Speaker—E. T. Kindt, Kindt-Collins Co., Cleveland. 

Tuesday, May 7, 12:00 Noon 
AFS Boarp or Directors LUNCHEON 
AND Business MEETING 
Tuesday, May 7, 12:00 Noon 
Lapres LUNCHEON AND FAsHION SHOW 
Tuesday, May 7, 2:30 PM 
FUNDAMENTAL PAPERS SESSION 

Presiding—]. F. Wallace, Case Institute of Technology, Cleveland. 
F. B. Herlihy, American Brake Shoe Co., Mahwah, N. J. 

Secretarv—C. C. Reynolds, Massachusetts Institute of Technology, 
Cambridge, Mass. 

Adhesion of Phenol-Formaldehyde to Various Refractory Oxides 
—J. K. Sprinkle and H. F. Taylor, Massachusetts Institute of 
Technology, Cambridge, Mass. 

Effects of Gaseous and Solid Addition Elements on Surface Ten- 
sion and Contact Angles (on Graphite) of Various Iron Carbon 
Alloys—]. Keverian, General Electric Co., Schenectady and 
H. F. Taylor, Massachusetts Institute of Technology, Cam- 
bridge, Mass. 

Effect of Ferro Silicon and Magnesium Inoculation on Formation 
of Nuclei-in Cast Iron—Fredrik Hurum, Oslo, Norway. 

Tuesday, May 7, 2:30 PM 
LicHt METALS SEssIONn 

Presiding—R. E. Edelman, Frankford Arsenal, Philadelphia. 
G. H. Schippereit, Battelle Memorial Institute, Columbus, Ohio. 

Secretary—D. H. Turner, Armour Research Foundation, Chicago. 

Expendable Graphite Molds for Production of Titanium Castings 
—A. L. Feild, Jr., E. I. DuPont de Nemours & Co., Inc., Wil- 
mington, Del., and R. E. Edelman, Frankford Arsenal, Phila- 
delphia. 

Status of Technology for Casting Titanium—G. H. Schippereit, 
R. M. Lang and J. G. Kura, Battelle Memorial Institute, 
Columbus, Ohio. 

Mechanical Properties of Cast Titanium-Iron and Titanium- 
Aluminum-Iron Alloys—N. Hehner, H. W. Antes, and R. E. 
Edelman, Pitman-Dunn Laboratories, Frankford Arsenal, Phila- 
delphia. 

Tuesday, May 7, 2:30 PM 
SAND SESSION 

Presiding—J. D. Judge, Hamilton Foundry & Machine Co., Hamil- 
ton, Ohio. 

R. H. Jacoby, St. Louis Coke & Foundry Supply Co., St. Louis. 

Secretary—J. D. Voss, Hamilton Foundry & Machine Co., Hamil- 
ton, Ohio. 

Practical Studies of Veining Tendencies—George DiSylvestro, 
Burnside Steel Foundry Co.. Chicago. 

Effect of Various Clays and of Tempering Methods on Sand Prop- 
erties and Casting Quality—A. E. Murton, Dept. of Mines & 
Technical Surveys, Ottawa, Ont., Canada. 

Tuesday, May 7, 4:00 PM 
PATTERN SESSION 

Presiding—W. J. Olsen, Puget Sound Naval Shipyard, Bremerton, 
Wash. 

A. F. Pfeiffer, Allis-Chalmers Mfg. Co., Milwaukee. 

The Patternmakers Application of Plastics in Industry—J. F. 
Roth, Cleveland Standard Pattern Works, Cleveland. 

Wear Characteristics of Plastic Pattern Materials—M. K. Young, 
U. $. Gypsum Co., Chicago. 

Panel Discussion—Joseph W. Tierney, Houghton Laboratories 
Inc., Olean, N. Y.; T. O. Mahaffey, Kish Resin Sales Co., Cin- 
cinnati; M. K. Young, U.S. Gypsum Co., Chicago; W. J. Olsen, 
U. S. Naval Shipyard, Bremerton, Wash.; J. F. Roth, Cleveland 
Standard Pattern Works, Cleveland; H. A. Burton, Canadian 
Steel Foundries Ltd., Montreal, Can.; J. B. Templeman, J. P. 
Templeman Pattern Works, Chicago. 





Tuesday, May 7, 4:00 PM 
MALLEABLE SESSION 

Presiding—C. F. Joseph, Central Foundry Div., General Motors 
Corp.. Saginaw, Mich. 

J. E. Rehder, Canada Iron Foundries, Ltd., Montreal, Que., 
Canada. 

Secretary—L. R. Jenkins, Wagner Malleable Iron Co., Decatur, 
ml. 

Effects of Charge Materials and Melting Conditions on Proper- 
ties of Malleable Iron—E. H. Belter and R. W. Heine, Univer- 
sity of Wisconsin, Madison, Wis. AFS Research Progress Re- 

rt. 

New Foundry Testing Methods—C. A. Koerner, Central Foundry 
Div., General Motors Corp., Saginaw, Mich. 

Investigation of Effect of Processing Variables on Properties of 
Pearlitic Malleable Iron—H. H. Johnson and W. K. Bock, 
Natienal Malleable & Steel Castings Co., Cleveland. 


Tuesday, May 7, 7:00 PM 
CANADIAN DINNER 
Presiding—Alex W. Pirrie, Toronto, Ont. 


Tuesday, May 7, 7:00 PM 
Sanp Division DINNER 
Presiding—O. J. Myers, Reichhold Chemicals, Inc., White Plains, 
N. Y. 
Subject—Controlling Quality on the Chevrolet Cylinder Block 
Casting. 
Speaker—W. C. Schartow, Chevrolet-Saginaw Grey Iron Foundry 
Div. of General Motors Corp., Saginaw, Mich. 


Tuesday, May 7, 8:00 PM 
SAND SHOP CourRSsE 

Presiding—L. J. Pedicini, General Motors Corp., Detroit. 

Subject—Sand Control — Quality — Economy. 

Panel Members—J. B. Caine, Consultant, Cincinnati; R. E. Daine, 
Aluminum Co. of America, Cleveland; M. H. Horton, Deere 
& Co., Moline, Ill.; F. B. Rote, Albion Malleable Iron Co., 
Albion, Mich.; G. F. Watson, American Brake Shoe Co., Mah- 
wah, N. J. 

Wednesday, May 8, 7:30 AM 
AUTHORS BREAKFAST 


Wednesday, May 8, 9:00 AM 
AFS ANNUAL Business MEETING 

President Shipley called upon General Manager Maloney who 
reported on the nomination of Officers and Directors for the 
coming year and stated that no additional nominees had been 
received in accordance with the procedure prescribed in Art. XI 
of the Society By-Laws. He therefore cast a unanimous ballot of 
the membership of AFS for the election of the following: 
President (to serve one year): 

Harry W. Dietert, H. W. Dietert Co., Detroit. 

Vice-President (to serve one year): 

Lewis H. Durdin, Dixie Bronze Co., Birmingham, Ala. 

Directors (to serve three years): 

W. D. Dunn, Syracuse, N. Y. 

A. A. Hochrein, American Smelting & Refining Co., Baltimore, 
Md. 

K. L. Landgrebe, Jr., The Wheland Co., Chattanooga, Tenn. 

F. J. Pfarr, Chagrin Falls, Ohio. 

J. R. Russo, Russo Foundry Equipment Co., Oakland, Calif. 

A. M. Slichter, Pelton Steel Casting Co., Milwaukee, Wis. 

H. G. Stenberg, Draper Corp., Hopesdale, Mass. 

Director (to serve one year): 

F. W. Shipley, Caterpillar Tractor Co., Peoria, Ill. 

President Shipley then called upon Past-President E. W. Horle- 
bein to present the AFS Service Citations and Awards of Scientific 
Merit. 

The AFS Service Citation 

Thomas E. Barlow, Sales Manager, Eastern Clay Products Dept., 
International Minerals & Chemical Corp. 

Horace A. Deane, Vice-President, Campbell, Wyant & Cannon 
Foundry Co., Division of Textron, Inc. 

Vincent Paul Delport, AFS Delegate to the International Com- 
mittee of Foundry Technical Associations. President of the 
International Committee in 1937, and Treasurer since 1956. 

The Award of Scientific Merit 

Manley E. Brooks, Head, Plant Technical Information Service, 
The Dow Chemical Co., Midland, Mich. 


6lst ANNUAL MEETING 


Richard Walter Heine, Associate Professor of Metallurgical En- 
gineering, University of Wisconsin, Madison, Wis. 
Walter R. Jaeschke, Consulting Metallurgical Engineer, Whiting 

Corp., Harvey, Ill. 

Arthur E. Schuh, Director, Research and Development, U. S. Pipe 

& Foundry Co., Burlington, N. J. 

Hyman Bornstein, Chairman of Trustees, AFS Training and Re- 
search Institute. 

The Society arranged to have the five first-prize winners in the 
1957 Robert E. Kennedy Apprentice Contest present at the Con- 
vention to receive their awards in person. 

Wood Patternmaking 

lst—Richard R. Dvorak, Consolidated Pattern & Mfg. Co., Breat- 
wood, Mo. 

2d—Vernon S. Koch, Caterpillar Tractor Co., Peoria, Il. 

$d—Richard J. Schmid, Suburban Pattern & Model Co., Collings- 

wood Heights, N. J. 

Iron Molding 

Ist—Raymond J. Hallfelder, Zenith Foundry Co., Milwaukee. 

2d—Ronald Henderson, Olney Foundry, Link-Belt Co., Phila- 
delphia. 

$d—Ralph W. Tolle, Waupaca Foundry, Inc., Waupaca, Wis. 

Steel Molding 

Ist—Arnold L. Lee, Waukesha Foundry Co., Waukesha, Wis. 

2d—Nathan Rosier, Atlas Foundry & Machine Co., Tacoma, Wash. 

3d—Elden C. Willing, Waukesha Foundry Co., Waukesha, Wis. 

Metal Patternmaking 

Ist—William Kuschel, Annex Pattern Co., Detroit. 

2d—Maurice E. Salsbury, Ford Motor Co., Cleveland Foundry, 

Berea, Ohio. 
$d—Clifton Evans, City Pattern & Foundry Co., Detroit. 
Non-Ferrous Molding 
Ist—Naaman Peterson, Pudget Sound Naval Shipyard, Bremer- 

ton, Wash. 
2d—Robert Weber, City Terrace Foundry Co., Los Angeles. 
3d—George Martinez, Bay City Foundry Co., Wilmington, Calif. 

ALL-CANADIAN CONTEST WINNERS 
Wood Patternmaking 
lst—M. Moon, Dominion Engineering Works, Montreal, Que. 
2d—M. Hanna, Western Pattern Works, Montreal, Que. 
3d—Robert Hawkins, International. Harvester Co., Ltd., Hamil- 
ton, Ont. 
Metal Patternmaking 
lst—William Harris, International Harvester Co., Ltd., Hamilton, 
Ont. 
Iron Molding 
Ist—J. Ridoressi, Montreal Technical School, Montreal, Que. 
2d—J. C. Ferron, Three Rivers Technical School, Three Rivers, 

Que. 
$8d—G. Brunet, Dominion Engineering Works, Montreal, Que. 
Steel Molding 
Ist—A. Beaupre, Dominion Engineering Works, Montreal, Que. 
2d—G. Cholette, Dominion Engineering Works, Montreal, Que. 
3d—J. Smith, Dominion Engineering Works, Montreal, Que. 
Non-Ferrous Molding 
Ist—J. Bedard, Three Rivers Technical School, Three Rivers, 

Que. 
2d—R. Lord, Dominion Engineering Works, Montreal, Que. 

Wednesday, May 8, 10:30 AM 
C. E. Hoyt Memoria LECTURE 
Subject—Progress in Iron Castings. 
Speaker—H. Bornstein, Moline, II. 
Wednesday, May 8, 12:00 Noon 

MANAGEMENT DEVELOPMENT LUNCHEON AND SESSION 
Presiding—C. E. Westover, Westover Corp., Milwaukee. 
Subject—Development of Foundry Management. 

Speaker—W. J. Grede, Grede Foundries, Inc., Milwaukee. 
Discussion Panel—Wm. J. Grede, Moderator; H. A. Forsberg, 

Continental Foundry & Machine Co., Div. Blaw-Knox Co., 

East Chicago, Ind.; L. J. Wise, Chicago Malleable Castings Co., 

Chicago; H. W. Johnson, Wells Manufacturing Co., Skokie, Ill; 

C. K. Faunt, Christensen & Olsen Foundry Co., Chicago. 


Wednesday, May 8, 2:30 PM 
EDUCATION SESSION 
Presiding—F. G. Sefing, International Nickel Co., New York. 
P. E. Rentschler, Hamilton Foundry & Machine Co., Hamilton, 
Ohio. 
The Coming Foundry Manpower Shortage—J. S. McCauley, 
United States Department of Labor, Washington, D.C. 
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Wednesday, May 8, 2:30 PM 
Gray IRON SESSION 

Presiding—R. A. Flinn, University of Michigan, Ann Arbor, Mich. 
R. A. Clark, Electro Metallurgical Co. Div. of Union Carbide & 
Carbon Corp., Cleveland. 

Secretary—J. H. Culling, Carondelet Foundry Co., St. Louis. 

Inoculation of Gray Cast Iron—N.C. McClure, The Dow Chemical 
Co., Midland; A. U. Khan, Whirlpool & Seeger Corp., St. 
Joseph, Mich.; D. D. McGrady and H. L. Womochel, Michigan 
State University, East Lansing, Mich. 

Tin as an Alloy in Gray Cast Iron—J. A. Davis, Battelle Memorial 
Institute, Columbus, Ohio. 

Carbon Refractorics—G. B. Tatum, National Carbon Co., Cleve- 
land. 


Wednesday, May 8, 2:30 PM 
LicHtT METALS SESSION 

Presiding—F. B. Herlihy, American Brake Shoe Co., Mahwah, 
N. J. 

C. 4 Kotowicz, A. B. Chance Co., Centralia, Mo. 

Aging Practice for Aluminum Alloy HP 356—A. B. DeRoss, Kaiser 
Aluminum & Chemical Sales, Inc., Chicago. 

Performance of Chills on High Strength-High Ductility Sand- 
Mold Castings of Various Section Thicknesses—M. C. Flemings, 
P. J. Norton, and H. F. Taylor, Massachusetts Institute of 
Technology, Cambridge, Mass. 

Rigging Design for a Typical High Strength, High Ductility Alloy 
Aluminum Casting—M. C. Flemings, P. J. Norton and H. F. 
Taylor, Massachusetts Institute of Technology, Cambridge, 
Mass. 

Effect of Small Tin and Cadmium Additions to Binary Alumi- 
num-Rich Copper Alloys—H. V. Sulinski, R. C. Harris and S. 
Lipson, Frankford Arsenal, Philadelphia. 

Intricate Small Diameter Coring for Aluminum and Magnesium 
Castings—R. F. Dalton, Howard Foundry Co., Chicago. 


Wednesday, May 8, 2:30 PM 
SAND SESSION 

Presiding—D. J. Pusack, Cincinnati Milling Machine Co., Cincin- 
nati. 

W. R. Moggridge, Ford Motor Co: of Canada, Ltd., Windsor. 

Secretary—K. G. Presser, Forest City Foundries, Cleveland. 

Mold Hardness: What It Means!—R. W. Heine, University of 
Wisconsin, Madison, Wis.; E. H. King and J. S. Schumacher, 
The Hill and Griffith Co., Cincinnati. 

Influence of Sand Grain Distribution on Green Sand Casting 
Finish—C. E. McQuiston, Advance Foundry Co., Dayton, Ohio. 

European Self-Curing Oil Binders—Dr. Franz Moser, Oel- & 
Chemie Werk A. G., Hausen b/Brugg, Switzerland. 


Wednesday, May 8, 7:00 PM 
AFS ANNUAL BANQUET 
Presiding—AFS President, Frank W. Shipley. 
The AFS Annual Banquet was called to order by President 
B. L. Simpson. Presentation of AFS Gold Medal Awards was 
made by Past-President E. W. Horlebein as follows: 


Tue JouHn A. PENTON GoLp MEDAL 

Awarded to Johannes C. A. Croning, of Germany, 

his outstanding contribution to the foundry industry in the in- 

vention of the shell molding process for production of metal 
castings.” 


“ 


. for 


Tue Peter L. Simpson Gotp MEDAL 

Awarded to Charles Kerr Donoho, Assistant Technical Direc- 
tor, American Cast Iron Pipe Co., Birmingham, Ala., “. . . for 
outstanding contributions to the Society and to the ferrous cast- 
ings industry, especially in the fields of gray iron, nodular iron, 
and steel.” 

THE JoHn H. Wuitinc Gotp MEDAL 

Awarded to Clyde A. Sanders, Vice-President, American Colloid 
Co., Chicago, “. . . for outstanding contributions to the Society 
and the castings industry in the development and dissemination 
of fundamental data concerning the use of foundry molding 
sands.” 

Following presentation of awards, President Shipley introduced 
the guest speaker of the evening, Warren Whitney, Vice-Presi- 
dent of James B. Clow & Sons, and General Manager of the 
National Works at Birmingham, Ala. Mr. Whitney's subject 
was “The Seventh Inning Stretch.” 


Thursday, May 9, 7:30 AM 
AUTHORS BREAKFAST 
Thursday, May 9, 9:00 AM 
BRASS AND BRONZE SESSION 

Presiding—F. L. Riddell, H. Kramer & Co., Chicago; R. A. Col- 
ton, American Smelting & Refining Co., Newark. 

Secretary—R. F. Schmidt, Ajax Metal Div., H. Kramer & Co., 
Philadelphia. 

Pressure Tightness of 85-5-5-5 Bronze Castings—Brass and Bronze 
Research Progress Report—R. A. Flinn, University of Michi- 
gan, Ann Arbor, Mich. 

Fracture Characteristics of Copper-Base Alloys—N. C. Howells 
and E. A. Lange, Naval Research Laboratory, Washington, D.C. 


Thursday, May 9, 9:00 AM 
Gray IRON SEssiOn 

Presiding—C. F. Walton, Gray Iron Founders’ Society, Inc., Cleve- 
land. 

J. S. Vanick, International Nickel Co., New York. 
Secretary—W. C. Jeflery, University of Alabama, University, Ala. 
Gating of Gray Iron Castings—J. F. Wallace and E. B. Evans, 

Case Institute of Technology, Cleveland. 

AFS Research Progress Report 
Feed Metal Requirements for Nodular Iron Castings—C. C. 

Reynolds, J. Maitre and H. F. Taylor, Massachusetts Institute 

of Technology, Cambridge. 

Risers for Sand Castings—Richard Namur, Fabrique Nationale 
d’Armes de Guerre 4 Herstal, Belgium. Official Exchange 
Paper, Assn. Technique de Fonderie de Belgique. 

Report of Joint AFS-AWS Committee on Welding Cast Iron 
(5-N). 

Preparation, Testing and Inspection of Weld Material—B. F. 
Shepherd; Ingersoll-Rand Co., Phillipsburg, N. J. 

Summary of Progress in Welding Gray Iron—Sidney Lowe, Chap- 
man Valve Mfg. Co., Indian Orchard, Mass. 

Report on Progress on Malleable Iron Program—S. T. Walter, 
Air Reduction Sales Co., New York. 

Report on Progress on Nodular Iron Program—Walter Edens, 
Allis-Chalmers Mfg. Co., Milwaukee. 


Thursday, May 9, 9:00 AM 
HEAT TRANSFER SESSION 
Presiding—W. K. Bock, National Malleable & Steel Castings Co., 
Cleveland. 
Secretary—Charles Locke, Crucible Steel Casting Co., Cleveland. 
Some Generalized Solidification Studies—V. Paschkis and J. W. 
Hlinka, Columbia University, New York. 
Temperature Drop in Pouring Ladles—V. Paschkis and J. W. 
Hlinka, Columbia University, New York. 
AFS Research Progress Report 


Thursday, May 9, 10:30 AM 
Lapies Onto River CRUISE 


Thursday, May 9, 12:00 Noon 
Licut Metats Rounp TaBL_eE LUNCHEON 

Presiding—D. L. LaVelle, Kaiser Aluminum & Chemical Sales, 

Inc., Chicago. 

E. V. Blackmun, Aluminum Co. of America, Pittsburgh, Pa. 
Subject—Engineered Light Metal Castings. 
Panel Members—Fred Mason, Chrysler Corp., Detroit; C. M. 

Curtis, Maytag Co., Newton, Iowa. 


Thursday, May 9, 12:00 Noon 
AFS Past Presipents’ LUNCHEON 
Presiding—Frank J. Dost, Wellington, Ohio. 


Thursday, May 9, 2:30 PM 
BRASS AND BRONZE SESSION’ 

Presiding—R. B. Fischer, Ingersoll-Rand Co., Phillipsburg, N. J. 

Subject—Castings Design Clinic. 

Panel Members—F. L. Riddell, H. Kramer & Co., Chicago— 
Gating; G. F. Watson, American Brake Shoe Co., Mahwah, 
N. J. and R. A. Colton, American Smelting & Refining Co., 
Federated Metals Div., Newark, N. J.—Design of Castings. 





Thursday, May 9, 2:30 PM 
EDUCATION SEssION 
Presiding—C. T. Marek, Purdue University, Lafayette, Ind. 
Jess Toth, Harry W. Dietert Co., Detroit. 
Secretary—J. L. Leach, University of Illinois, Urbana. 
Subject—Meeting Your Manpower Needs. 
(a) Foundry Instructors Seminar—W. H. Ruten, Brooklyn Poly- 
technic Institute, Brooklyn, N. Y. 
(6) AFS Training & Research Institute—S. C. Massari, American 
Foundrymen’s Society, Des Plaines, Ill. 
(c) Chapter Educational Activities—E. J. Romans, National Mal- 
leable & Steel Castings Co., Cleveland. 


Thursday, May 9, 2:30 PM 
INDUSTRIAL ENGINEERING SESSION 
Presiding—J. M. Barrabee, International Harvester Co., Mil- 
waukee. 
J. J. Farkas, Cincinnati Milling Machine Co., Cincinnati. 
Improving Foundry Layout—R. B. Sinclair, Meehanite Metal 
Corp., New Rochelle, N. Y. 
Materials Handling in the Foundry—R. A. Petersen, Pangborn 
Corp., Hagerstown, Md. 
Motion Picture—Value of Standard Data, John Deere & Co., 
Moline, III. 


Thursday, May 9, 2:30 PM 
SAND SESSION 

Presiding—R. L. Young, Peerless Foundry Co., Cincinnati. 
E. C. Zirzow, Werner G. Smith, Inc., Cleveland. 

Secretary—J. V. Leininger, Miller & Co., Cincinnati. 

Properties of Molding Sands Under Conditions of Gradient Heat- 
ing—N. C. Howells, R. E. Morey, and H. F. Bishop, Naval 
Research Laboratory, Washington, D.C. 

Influence of Various Bonding Materials on Stress-Strain Charac- 
teristics of Bonded Sands—F. C. Quigley and P. J. Ahearn, 
Watertown Arsenal, Watertown, Mass., and J. F. Wallace, Case 
Institute of Technology, Cleveland. 

Oil-Bonded Molding Sand—K. A. Miericke and R. C. Megaw, 
Baroid Div., National Lead Co., Chicago. 


Thursday, May 9, 4:00 PM 
Licht METALS SESSION 

Presiding—F. C. Bennett, The Dow Chemical Co., Midland, Mich. 
R. P. Dunn, U. S. Reduction Co., East Chicago, Ind. 

Fatigue Properties of Two Aluminum Die Casting Alloys—G. W. 
Stickley, and J. L. Miller, Aluminum Co. of America, Pitts- 
burgh, Pa. 

Corrosion of Aluminum Die Castings—D. L. Colwell, and R. J. 
Kissling, Apex Smelting Co., Cleveland. 

Vacuum Die Casting Today & Tomorrow—D. Morgenstern, Nel- 
mor Mfg. Co., Eudid, Ohio. 

Automatic Metering of Magnesium for Cold Chamber Die Cast- 
ing—F. L. Burkett and F. C. Bennett, The Dow Chemical Co., 
Midland, Mich. 


Thursday, May 9, 7:00 PM 
AFS ALUMNI DINNER 


Thursday, May 9, 8:00 PM 
Brass AND BRONZE SESSION 

Presiding—H. C. Ahi, Samuel Greenfield Co., Inc., Buffalo, N. Y. 
R. J. Keeley, Ajax Metal Div., H. Kramer & Co., Philadelphia. 

Cooperation for Technical Advancement in the British Bronze 
and Brass Foundry Industry—A. H. R. French, J. Stone & Co.; 
E. C. Mantle, British Non-Ferrous Metals Research Assn., Eng- 
land. Presented by R. W. Ruddell. 

Relation of Microhardness and Stresses in Copper Alloys—P. J. 
LeThomas, Assn. Technique de Fonderie de France, Paris, 
France. Official French Exchange Paper. 


Thursday, May 9, 8:00 PM 
Gray Iron SHop Course 
Presiding—E. J. Burke, Hanna Furnace Corp., Buffalo, N. Y. 
W. W. Holden, Dostal Foundry & Machine Co., Pontiac, Mich. 
Subject—Basic Microstructures as Steps to Quality Castings. 
Speaker—L. L. Clark, Armour Research Foundation, Chicago. 


Friday, May 10, 7:30 AM 
AuTHOoRS BREAKFAST 


61st ANNUAL MEETING 


Friday, May 10, 9:00 AM 
Brass AND Bronze Rounp TABLE BREAKFAST 
Presiding—H. L. Smith, Federated Metals Div., American Smelting 
& Refining Co., Whiting, Ind.; R. J. Keeley, Ajax Metal Div., 
H. Kramer & Co., Philadelphia. 
Subject—Carbon Dioxide Process in the Brass Foundry. 
Panel—P. H. Ducharme, Doran Manganese Bronze-Columbian 
Bronze Corp., Brooklyn, N. Y.; J. E. Gotheridge, Foundry 
Services, Inc., Columbus, Ohio; C. T. Koehler, Hamilton Brass 
& Aluminum Castings Co., Hamilton, Ohio. 


Friday, May 10, 9:00 AM 
Gray IRON SEssion 

Presiding—H. E. Henderson, Lynchburg Foundry Co., Lynch- 
burg, Va. 

H. W. Ruf, Grede Foundries, Inc., Milwaukee. 

Secretary—C. W. Ray, Deere & Co., Moline, Ill. 

Temper Embrittlement in Nodular Cast Irons—G. N. J. Gilbert, 
The British Cast Iron Research Assn., Birmingham, England. 
Presented by J. Keverian, General Electric Co., Schenectady, 
N. Y. 

Nickel Alloyed Normalized Ductile Irons—C. R. Isleib and R. E. 
Savage, International Nickel Co., Bayonne, N. J. 


Friday, May 10, 9:00 AM 
HEAT TRANSFER SESSION 

Presiding—W. J. Childs, Lafayette College, Easton, Pa. 

Secretary—R. C. Shnay, Canada Iron Foundries Ltd., Toronto, 
Canada. 

Transport of Feed Metal During Solidification of Tapered Steel 
Bars—E. J. Sullivan, C. M. Adams and H. F. Taylor, Massa- 
chusetts Institute of Technology, Cambridge, Mass. 

Flow of Heat from Sand Castings by Conduction, Radiation and 
Convection—C. M. Adams and H. F. Taylor, Massachusetts 
Institute of Technology, Cambridge, Mass. 


Friday, May 10, 9:00 AM 
LicHT METALS SESSION 
Presiding—D. L, LaVelle, Kaiser Aluminum & Chemical Sales, 
Inc., Chicago. 
R. C. Boehm, Wellman Bronze & Aluminum Co., Cleveland. 
Effect of Vacuum and Nitrogen Degassing on Properties of Cast 
Aluminum-Silicon-Magnesium Alloy-—R. K. Owens, H. W. 
Antes and R. E. Edelman, Frankford Arsenal, Philadelphia. 
Controlled Gas Content in Foundry Work—E. Scheuer, Inter- 
national Alloys, Ltd., Haydon Hill, Aylesbury, Bucks., England. 
Presented by D. L. Colwell, Apex Smelting Co., Cleveland. 
Effect of Various Factors on Mechanical Properties of Magnesium 
Casting Alloys—J. W. Meier and A. Couture, Dept. of Mines 
and Technical Surveys, Ottawa, Ont., Canada. 
Hot Tearing of Some Magnesium Casting Alloys—R. A. Dodd, 
W. A. Pollard and J. W. Meier, Dept. of Mines and Technical 
Surveys, Ottawa, Ont., Canada. 


Friday, May 10, 12:00 Noon 
Gray Iron Rounp TaBLE LUNCHEON 
Presiding—C. K. Donoho, American Cast Iron Pipe Co., Birming- 
ham, Ala. 
H. W. Lownie, Battelle Memorial Institute, Columbus, Ohio. 
Subject—Economical Casting Design and Production. 
Speaker—G. W. Schuller, Jr., Caterpillar Tractor Co., Peoria, Ill. 


Friday, May 10, 2:30 PM 
Brass AND BRONZE SESSION 

Presiding—W. H. Baer, Bureau of Ships, Navy Dept., Washing- 
ton, D.C. 

T. E. Gregory, Central Research Laboratory, American Smelt- 
ing & Refining Co., South -Plainfield, N. J. 

Secretary—D. G. Schmidt, H. Kramer & Co., Chicago. 

Effect of Geometry on Properties of Gun-Metal (88-8-4) Castings, 
A Progress Report—W. H. Johnson, Naval Research Laboratory, 
Washington, D.C. 

Production and Properties of Iron and Aluminum Alloyed Cast 
Cupro-Nickel—G. L. Lee, International Nickel Co., Bayonne, 


N. J. 
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Friday, May 10, 2:30 PM 
Gray Iron SHop Course 
Presiding—D. E. Matthieu, Richmond Foundry & Mfg. Co., Rich- 
mond, Va. 
E. J. Burke, Hanna Furnace Corp., Buffalo, N. Y. 
Subject—/noculation as a Step to Quality Castings—D. E. Krause, 
Gray Iron Research Institute, Columbus, Ohio. 


Friday, May 10, 2:30 PM 
INDUSTRIAL ENGINEERING SESSION 
Presiding—E. C. Reid, Ford Motor Co. of Canada, Ltd., Windsor, 
Ont., Canada. 
M. O. Johnson, Gunite Foundries Corp., Rockford, Ill. 
An Appeal to Foundry Executives—J. A. Wagner, Wagner Mal- 
leable Iron Co., Decatur, Ill. 
Memomotion to Set Standards—L. L. Randolph, American Steel 
Foundries, Granite City, Il. 
Motion Picture—The First Five Million Miles, Steel Car Wheel 
Plant, American Brake Shoe Co., New York. 


Friday, May 10, 2:30 PM 
SAND SESSION 

Presiding—J. C. Maloney, Chris Erhart Foundry & Machine Co., 
Cincinnati. 

J. B. Caine, Consultant, Cincinnati. 

Secretary—F. P. Goettman, Standard Sand Co., Grand Haven, 
Mich. 

Effect of Temperature on the pH of. Foundry Sands—N. D. Brink- 
mann, Process Development Section, General Motors Corp., 
Detroit, and Gordon Gottschalk, Thiem Products, Inc., Mil- 
waukee, Wis. 

Correlation Between Casting Surface and Hot Properties of Mold- 
ing Sands—AFS Committee 8-J (Physical Properties of Iron 
Foundry Molding Materials at Elevated Temperatures), J. A. 
Gitzen, Chairman, Delta Oil Products Co., Milwaukee. 

Friday, May 10, 5:00 PM 
61st AFS Castincs CONGRESS AND 
ENGINEERED CasTINGs SHOW 
OFFICIALLY CLOSED 














This report sums up all major activities of the Society during 
the past year, except Technical activities which are covered in 
the report of the Technical Director. This report is confined 
mainly to non-financial matters, the latter being covered in a 
separate report of the AFS Treasurer. 


SUMMARY OF YEAR 

(1) Membership. Total 13,340, Net Gain 852 or 6.8% ... new 
“high” in AFS membership . . . 21 Chapters achieved 
“Targets” . . . 1,674 delinquents dropped, 53.7% reinstated 
. » . gross Dues $308,335, highest ever. 

(2) Chapters. One new Chapter formed . . . 11 Regionals 
held, 9 planned for year ahead . . . 113 at 1957 Chapter 
Officers Conference. 

(3) Conventions & Exhibits. Attendance over 5,400 in 1957, 
largest for any “off” year . . . 88 total Exhibitors, 18,793 
sq. ft. occupied . . . gross Exhibit revenue $54,285. 

(4) Education. 2d Instructors Seminar held, 88 present . . . 
largest Apprentice Contest to date. 

(5) “Modern Castings.” Display Advertising and gross revenue 
both up ... Net Income over $23,000 . . . Reader In- 
quiries 20,000 per year, terrific response, strong evidence 
of reader acceptance. 

(6) SH&AP. 3 major manuals completed, published . . . other 
manuals in work . . . important local assistance . . . job 
ahead. 

(7) Training & Research Institute. Broad program proposed, 
approved, temporarily deferred . . . Trustees named . . . 
Training Courses begun . . . industry reactions . . . prob- 


Jems posed. 
(8) International Affairs. 1957 Congress in Stockholm, AFS 
President attending . . . 1958 Congress in Belgium. 


(9) General Administretion. Awards and _ recognitions 
Regional Administration Meetings planned . . . By-Laws 
revision planned . . . new Technical Divisions planned. 


Membership 
The Society's membership reached 13,340 or only 160 off the 
year’s 13,500 goal. Total of 21 Chapters that made their “Tar- 
gets” equals the previous record of 1955-56 and 1952-53. Ten 
Chapters showed net losses, compared with 5 last year. 


Member Gains and Losses — 4 Years 
1953-54 1954-55 1955-56 1956-57 








Members Gained ............ 1,723 1,533 2,560 2,156 
Pretec 1,205 2,119 1,037 1,304 
Net Gain (Loss) ............. 518 (586) 1,523 852 
Avg. Gain (Loss) per Mo. .... 43.2 (48.8) 126.9 71.0 

ye -.. 11,551 10,965 12,488 13,340 


Within the AFS Regions, Region IV made the best “Target” 
record of 80.0%. Region I showed the greatest member increase, 
282. Region V showed the greatest percent of member growth, 
18.1%. ° 


Membership by Regions — 1956-57 








No. % 

No. Target Target Total Pct. 

Region Chapters Chapters Chapters Increase Increase 
ere, 14 6 42.9%, 262 78% 
__ Seer ry 10 3 33.3%, 133 3.9% 
ae cipehaas-oas 6 1 16.6%, 103 4.7% 
| Serre 10 8 80.0%, 197 12.5% 
_ SPN 6 3 50.0%, 171 18.1%, 
46 21 45.6% 866 76% 


It is apparent that Region I now is overbalanced in Chapters, 
and a Regional reorganization is called for, probably into 6 or 
7 Regions. In doing so, two recommendations are made: (1) if 
at all possible, Wisconsin Chapter should comprise a separate 
Chapter Group; (2) any Regional plan should retain 18 Chap- 
ter Groups and the principle of constant Board representation 
for each Chapter Group. 
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Membership Program 1957-58. A goal of 13,700 has been estab- 
lished, and Chapter “Targets” set up. A Company and Sustaining 
membership “campaign” is planned. Field Membership work 
will be continued, with more definite results sought. 


Chapters 

The Utah Chapter was installed January 1956, making a total 
of 46 regular Chapters, and is a part of Region V and in the 
Chapter Group with Northern California and Southern Cali- 
fornia Chapters. Petition has been received from the former 
Southern Section of Chesapeake Chapter to form a new Pied- 
mont Chapter, with initial membership of 116. 

Regional Conferences were sponsored by 32 regular and 9 
Student Chapters in 1956-57, and 8 Regionals are planned by 
25 regular and 8 Student Chapters in 1957-58. 

The 14th Annual Chapter Officers Conference was held June 
13-14, 1957 in Chicago with total attendance of 113, including 
99 Chapter delegates representing all 46 Chapters. Total in- 
cluded: 41 Chairmen, 41 Program Chairmen, 40 Vice-Chairmen, 
9 Secretaries and/or Treasurers. 4 others. All 7 new AFS Direc- 
tors attended, plus 3 other National Directors. Three Chapter 
“Sections” were represented, and 5 Chapters sent 6 delegates 
at Chapter expense. 

The new “Chapter Manual,” completely revised and rewritten, 
could not be produced in 1956-57 but is scheduled for pro- 
duction this year. 


Convention and Exhibit 

Over 5400 registered for the 61st Castings Congress and Ist 
Engineered Castings Show held in Cincinnati, May 6-10. All 
attending (except Exhibitors) were charged $2.00 registration 
fee . . . total fees $8,029. 

Exhibitors totaled 88 occupying 18,793 sq. ft., or 64.7% of the 
29,022 sq. ft. available for sale. Average sq. ft. per Exhibitor 
213.5 . . . total Exhibit rental fees $54,285. 

The Committee of Exhibitors now includes foundrymen as well 
as suppliers, to provide a cross-section of opinion on both types 
of AFS-sponsored exhibits. This committee meets a year in 
advance of each Show to approve rules and regulations, and 
again within 60 days after each Show to consider results and 
recommend improvements. 

The Annual Banquet at the Netherland Hilton was close to a 
sell-out with 580 attending, and guest speaker Warren Whitney 
of National Cast Iron Pipe Co., Div. of James B. Clow & Sons, 
Birmingham, Ala., was highly popular. An added feature was 
the male chorus “The Cincinnatians,” who made a strong hit. 
Thirty tickets were provided gratis to a party of German iron 
foundry executives. 

Awards of Scientific Merit (4) and Service Citations (3) were 
presented at the Annual Business Meeting, and 3 Gold Medals 
at the Banquet. Mr. Johannes Croning, unable to be present as 
a gold medalist, died the following week in Germany. 

A few Convention-Exhibit comments: Future Castings Con- 
gresses and Castings Shows should both be held in the same 
building; at a Castings Show, the exhibits should not be closed 
down for the Annual Business Meeting; Author-Chairman break- 
fasts are highly successful; all AFS headquarters activities should 
be located in one central booth; better ways to promote mem- 
bership at a Convention should be devised. 


Education 

The 2d Foundry Instructors Seminar was held June 20-22, 
1957 at Michigan State University, with Vice-President Durdin 
presiding. Although attendance (88) fell off slightly from 1956, 
the second Seminar was even better received than the first. 
However, it seems desirable to shift locations at least every two 
years, to tap new interest and attendance. 

Nearly 600 entered the annual Apprentice Contest and 4 of 
the 5 first prize winners received awards at the Convention. 
The Canadian entries failed to reach Chicago in time for judg- 
ing, through confusion, and President Shipley declared a special 
All-Canadian Contest to assure future interest. The Canadian 
Chapters were most grateful. 

New rules and regulations for the 1958 Contest have been 
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prepared, in hopes of attracting 1,000 entries. It is hoped also 
that the Board of Directors will approve recommendations for 
increased Contest incentives. 

The proposed Pangborn scholarship fund remains in abeyance 
until the Institute’s tax-exempt status has been certified. 


"Modern Castings” 

The position of “Modern Castings” today is like that of a 
small business which has overcome initial errors, deficits and 
customer prejudices. With 20,000 reader inquiries a year, and 
a 1956-57 net income of nearly $24,000, the magazine must be 
progressed off the “dead center” status evident for too many of 
the past 12 years. 

The job ahead is to realize and use fully the potential material 
that “Modern Castings” alone has readily available from AFS 
activities. This material, the best available from any sources, 
can give the magazine an editorial prestige beyond question. 
With its use, and closer control of expenses, “Modern Castings” 
should be able to produce the substantial net income originally 
envisioned. Its field is the entire field of AFS ... no more, and 
no less . . . and the service it performs should be accepted as 
primarily that of dissemination of data developed by the Society. 

A temporary moratorium on over-analysis and remote control 
is now in order if the magazine is to overcome the self-conscious- 
ness of recent years. The industry has accepted “Modern Cast- 
ings” as a fully going concern. Those most directly concerned 
with its financial success, AFS management, must urge its ad- 
vertising acceptance as integral with the Society itself. 

Annual advertising volume must be increased to a minimum 
of 60 pages or more per issue. Once that springboard is estab- 
lished, “Modern Castings” can be expected to continuously hold 
its own and contribute its full share to financing expanded AFS 
service. 

SH&AP Control Program 

With three major engineering manuals published (Dust Con- 
trol & Ventilation, Air Pollution Control, Safety), and several 
others well advanced (Radiation Hazards, Welding Hazards, 
Woodworking Safety), the program is entering a less tangible 
but equally important phase: promoting the use of these manuals 
and advising local foundry groups on legislative matters. This 
phase is emphasized by growing union interest in all aspects 
of foundry safety, hygiene, and air pollution. 

During 1956-57 the program Director gave valuable counsel 
and practical aid to foundry groups across the country. A safety 
training course is in operation, available to Chapters. The in- 
dustry must be presented in its true light to legislative and 
government officials wherever foundries are concentrated. 

Recommendations of the Steering Committee for continuing 
SH&AP influence will be presented to the Board. The original 
10-year program, authorized in 1953, is only half completed. To 
develop maximum usefulness, budgets henceforth should carry 
substantial sums for broadest dissemination of developed data, 
prevention of acts harmful to foundry interest, and promoting 
greater foundry acceptance of manpower and community obliga- 
tions. Phases of such a program may not prove universally 
popular, but they are essential to the industry’s ability to get 
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and hold competent personnel, and to avoid unwarranted criti- 
cism which has not always been unjustified. 


Training and Research Institute 

The Technical Director’s annual report adequately indicated 
prompt acceptance by the industry of the training courses spon- 
sored this year. The Trustees on July 22 expressed satisfaction 
with the initial returns, authorized repeat of two courses over- 
subscribed, and indicated desire to undertake sponsorship of AFS 
Research and the Foundry Instructors Seminar, as originally 
pro ' 
Analysis of the training courses and their possible effect on 
the proposed Training Center building has been deferred until 
the next Trustees meeting in December. Decision has not yet 
been made for extension of training courses into 1958, except 
for the two courses to be repeated. It is hoped that a longer 
range Institute program may be developed by the end of this 
calendar year. 

International Affairs 

We are glad to announce that President and Mrs. Dietert 
have agreed to represent AFS officially at the 1957 International 
Foundry Congress in Stockholm. Three AFS exchange papers 
have been scheduled: the Official Exchange by Mr. Dietert, a 
second by SHXAP Director Weber (to be presented by the 
President), and a third by R. W. Olson of Dike-O-Seal, Inc. 

The 1958 Congress will be held in Belgium. The General 
Manager suggests that AFS, as an important member of the 
International Committee of Foundry Technical Associations, 
should attempt to organize an American party for every Inter- 
national held abroad. As a result, foreign attendance at the 
1962 International in Detroit is bound to be materially increased, 
and the event more successful. Only by organizing an American 
group will it be possible to develop adequate official AFS repre- 
sentation at the Internationals in Europe. 


General Administration 

The President has stated his intention to appoint a By-Laws 
Committee for revision of AFS By-Laws in 1957-58. The Regional 
Administration Meetings presently planned may be excellent 
occasions to develop and test specific points for revision. 

The Retirement Plan Trustees are scheduled to meet in 1957- 
58 to consider revising the present plan in light of experience 
since it was established in 1948. 

The AFS Central Office Staff numbered 43 on June 30 and, 
if Finance Committee recommendations for Staff additions are 
accepted, will be increased to 49. It may be noted that the 
ASTM staff numbers 80, and that of ASM at least 75. Present 
AFS Headquarters facilities are not yet inadequate, but will be 
close to that point if the present Staff is increased as indicated. 

No provision for expansion was incorporated in planning the 
otherwise excellent Headquarters building. It may be anticipated, 
therefore, that eventual construction of the proposed Foundry 
Training Center can make some provision for future AFS as 
well as Institute needs. 

Respectfully submitted, 
Wma. W. MALONEY 
General Manager 


5-Year Comparative Membership Report 
As of June 30, 1953-57, Inclusive 





June 30, 1953 


June 30, 1954 


June 30, 1955 June 30, 1956 June 30, 1957 





193 


Sustaining Members 
1,278 


Company Members 
Personal Members 
Junior Members 
Honorary Life Members 
International Members 
i ck ors Paimvee scaveeis 


New Members, 12 Months 

Resignations 

Delinquent Dropped 

Removed by Death 

Net Gain (Loss) for Year 
Members in Chapters 


567 
84 
440 
11,033 


265 
565 

32 
967 


191 


1,280 
8,471 8,916 


639 
87 
438 


11,551 
1,947 1,723 


$23 
826 

29 
518 


11,504 


147 
987 
10,893 
715 
88 

510 
13,340 


2,156 
470 
775 

43 
852 
12,357 


145 
1,005 
10,087 
719 
97 
435 
12,488 


2,560 
244 
761 

30 

1,523 

11,882 


150 
1,014 
8,718 

564 

88 

431 

10,965 


1,533 
273 
1,607 
24 
(586) 
10,917 








‘TRANSACTIONS 


Breakdown of AFS Membership 


Chapter Sustaining Company Personal Affiliate Associate Junior § Honorary Total 


23 114 326 3 491 
5 74 15 l 99 
21 49 I 162 
31 14 257 
76 6 347 
39 10 223 
73 181 
59 2 193 
95 267 
215 875 
107 320 
60 130 
13 55 
147 533 
94 


23 








Birmingham 
British Columbia 
Canton District 
Central Illinois 
Central Indiana 
Central Michigan 
Central New York 
Central Ohio 
Chesapeake 
Chicago 

Cincinnati District . 
Connecticut 

Corn Belt 

Detroit 

Eastern Canada 
Eastern New York . 
Metropolitan 
Mexico City 
Michiana 
Mid-South 
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46 
66 
22 
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New England 

Northeastern Ohio 

Northern California 

Northern Illinois & Southern Wisconsin. . 
Northwestern Pennsylvania 
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Ontario 
Oregon 
Philadelphia 
Pittsburgh 
Quad City 
Rochester 


Saginaw Valley 
St. Louis District 
Southern California 


‘Tennessee 
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216 

87 
398 
279 
397 
248 
275 

61 
210 
130 
212 
107 

71 
247 
231 
640 


12,357 
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Timberline 


Tri-State 
Twin City 
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Washington 
Western Michigan 
Western New York 
Wisconsin 
TOTAL IN REGULAR CHAPTERS...... 
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9 
0 
0 
2 
3 
J 
1 
2 
3 
20 
7 
4 
0 
3 
5 
] 
9 
0 
4 
0 
J 
2 
15 
0 
| 
0 
2 
1 
8 
6 
3 
} 
6 
2 
3 
0 
2 
J 
] 
0 
1 
0 
0 
1 
1 
0 
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STUDENT CHAPTERS 
Massachusetts Institute of Technology... . 
Michigan State University 
Missouri School of Mines 
Ohio State University 
Oregon State College 
Pennsylvania State University 
Polytechnic Institute of Brooklyn 
Texas A. & M. College 


University of Alabama 

University of Illinois 

University of Michigan 

University of Wisconsin 
Tora IN STUDENT CHAPTERS 
TOTAL IN ALL CHAPTERS 





Foreign 
Non-Chapter 











REPORT OF THE AFS TREASURER 


(Fiscal Year Ended June 30, 1957) 


The Auditor's Report for 1956-57, as prepared by the firm of 
George V. Rountree & Co., Chicago, certified public accountants, 
and as approved by the Society’s Board of Directors, contained 
the following data on the Society’s financial condition as of 
June 30, 1957. 

Total Income — Actual $729,579, Budgeted $748,500; Total Ex- 
pense — Actual $802,782, Budgeted $821,800; Excess Expense — 
Actual $73,203, Budgeted $73,300. 


General Observations 


Since 1953 the Society's finances have been budgeted on a 
2-year basis because of the extreme fluctuations of Income in 
alternate years. Total Income in the period 1955-57 increased 
$282,522 or 20.38% over the period 1953-55, while Total Expense 
increased $267,418 or 20.0%. At the same time, Excess Income 
for the 2-year period ended June 30, 1957 was $41,962, an in- 
crease of $15,108 or 56.2% over the Excess Income of $26,858 
for the 2-year period ended June 30, 1955. 

The increases in Income and Expense for these two 2-year 
periods are accounted for as fotlows: 


Income Increases 


ES EE EEN pony ere $105,437. 
Publications 

MODERN CASTINGS 

Conventions & Exhibits 

Investments and Exhibits 


Total Increase 


Expense Increases 


Overheads 
Publications 
MODERN CASTINGS 
Conventions and Exhibits .................... 
Technical Activities 
Chapters 
; eee ee $267,418. 


During the year 1956-57, AFS established and undertook 
initial financing of an important Training & Research Institute. 
While Expense for this activity was nominal during the fiscal 
year, the Society has committed itself to a minimum expenditure 
of $25,000 annually in support of the Institute, until such time 
as the activity can be made fully self-sustaining. 

Institute financing, coupled with the continuing upward trend 
of other Expense-producing activities, again reemphasizes the 
point that the Society must develop additional sources of sub- 
stantial income in order to continually progress its services to 
the Castings Industry, or may be faced with the necessity of 
reducing the rate of activities and expense to match present 
factual income. To put it another way, the degree of importance 
attached by the Industry to the Societys work must be in keep- 
ing with the Industry’s support thereof. 

Attention is again directed to the Auditor’s Report for the 
year 1956-57, showing that only three activities (Dues, MODERN 
CastinGs, Investments) produced substantial Net Income, where- 
as five activities (Technical, Chapters, Administrative, Conven- 
tion, Publications) produced substantial Net Expense. 


Income and Expense 1956-57 


The relative importance of each of the Society’s income 
sources is illustrated in the following table, showing shifts in 
income emphasis between three successive 2-year periods. 


Income Sources (°%/,) 1953-1957 


Member Dues 
Publications 
Conventions ‘& Exhibits 
Advertising 


Investments, Miscellaneous .... 


1955-1957 


1954-1956 


1953-1955 





38.7% 
6.1 

22.3 

29.7 
3.2 


36.6%, 
5.8 

23.9 

31.7 
2.0 





100.0%, 


100.0%, 


The indicated shifts in income percentages point up the fol- 
lowing: (1) Dues carry the major load of financing AFS activi- 
ties; (2) the importance of Publications as a source of income 


continues to grow; 


(3) percent of income from Conventions, 


Exhibits and Advertising remains surprisingly static in view of 
AFS services of direct benefit to Suppliers to the industry. 


Investments as of June 30, 1957 


The Auditor’s Report summarizes Income from Investments 
held in the Society’s Investment Agent Trust Account at the 
Harris Trust & Savings Bank, Chicago. The report shows the 


following Income sources: 


1956-57 


1955-56 


Interest on U.S. Govt. Bonds ............. $ 1,089.00 $ 1,227.50 


Interest on Canadian Govt. Bonds ........ 


Interest on Industrial Bonds 
Dividends on Common Stocks 
Discount on Treasury Bills 


Gain (Loss) on Securities Sold 


661.38 
7,952.50 
7,713.82 

152.47 


1,050.00 
7 660.87 
7,017.60 
1,441.60 
11,542.34 





$17,569.17 


$29,939.91 


A recap of the Investments held by the Society on June 30, 


1957 is as follows: 
Book 
Value 
(Cost) 


Mkt. 
Value 
June 30 


% Incr. 
or 
(Decr.) 


% of 
Total 
(Mkt.) 





U.S. Govt. Bonds 
Canadian Govt. Bonds 
Industrial Bonds .. 
Common Stocks 


..-$ 42,000. 
25,000. 
.. 245,000. 


$ 40,612. 
22,875. 
223,250. 
216,351. 


(3.30%) 
(8.50% ) 
(8.88%) 


67.16%, 


8.1% 
4.5% 
44.4%, 
43.0%, 





$431,430. 


$503,088. 


16.61% 


100.0%, 


Between June 30, 1956 and 1957, the percent held in Com- 
mon Stocks increased from 41.02% to 43.0%; the percent in 
Industrial Bonds decreased from 47.11% to 44.4%. This con- 
tinuing trend is in line with present trends in trust fund invest- 
ments. In February 1957 the Society authorized the Harris Trust 
& Savings Bank to increase the Common Stock ratio in the 
AFS Investment Trust Account to 45% by the end of 1957, and 
to 50% (at the discretion of the bank’s investment committee) 
by 1960. This change from the original 3314% Common Stock 
ratio (when the Investment Trust Account was established in 
1953), follows the trend to “hedge” against continuing antici- 
pated inflation. 


The Society’s Investment Policy, approved in 1950, is to build 
up a General Reserve Fund “equal to the Society’s average 
annual expense over the previous four years,” recalculated 
biennially. On this basis, the Society's General Reserve Fund on 
June 30, 1957, totaled $503,088. or 68% of the average annual 
expense over the 4-year period 1953-57; in other words, 32%, 
short of the Investment Policies goal. It may be added that at 
no time to date has this goal been attained. 





Member Income vs. Expense 

The ability of AFS to provide and to constantly increase its 
many services to the Membership (i.e., the Castings Industry) 
must be calculated by the Board of Directors in terms of the 
common denominator of Income and Expense per Member. If 
the incurred Expense per Member consistently exceeds realized 
Income per Member, the Society can no more maintain its scale 
of activities than could a foundry that consistently operated in 
the red. From the following table, it will be obvious that average 
Dues Income per Member falls far short of the Society’s require- 
ments for maintaining its many services. 


Annual Income & Expense Per Member 
Average Average Excess Average 
Income Expense Inc. (Exp.) 
per Member per Member per Member 


eres or $53.99 $59.47 $ (5.48) 
1955-56 65.87 9.22 
1954-55 é 58.90 (11.00) 
58.46 14.58 
50.55 (5.12) 
55.03 18.20 


6-Yr. Average $ 3.40 





1951-52 


The above table illustrates vividly the Society’s wildly fluctuat- 
ing income in alternate years. It also depicts a steady downward 
trend in excess Income per Member in the even-numbered 
(Exhibit) years, and an upward trend in excess Expense per 
Member in odd-numbered (“non-Exhibit”) years. Obviously, the 
two trends cannot continue indefinitely. 

Comparing even-numbered years, Income per Member in- 
creased $1.86 between 1951-52 and 1955-56, whereas Expense per 
Member increased $20.84. Comparing odd-numbered years, In- 
come per Member increased $8.56 between 1952-53 and 1956-57, 
and Expense per Member increased $8.92. In other words, it 
appears that AFS has been steadily spending more per Member 
in service than the industry has returned through the Society's 
income-producing activities. 

Obviously, since Member Dues alone do not finance all Society 
activities, other Income-producing activities are necessary with- 
in the objects of AFS, such as the biennial Foundry Show, a 
biennial Engineered Castings Show, and revenues from MopERN 
CasTINGs magazine. Because of the biennial nature of certain 
revenue sources, the following table shows Average Income and 
Expense Per Member by 2-year periods, illustrating the very 
close margin on which the Society operates today. 


2-Year Income & Expense Per Member 
Periods 1951-1953, 1953-1955, 1955-1957 
Vs. 1945-1947 


Average 





Average 
Expense Excess Income 
per Member _ per Member 


1955-1957 $62.67 $1.87 


1953-1955 : 58.68 1.79 
1951-1953 52.79 6.54 
41.89 60 


Average 
Income 
per Member 





TRANSACTIONS 


In the 12-year period 1945-57, Income per Member increased 
$22.05, while Expense per Member increased $20.78, and Excess 
Income per Member $1.27. While the trend has been continuously 
upward in both Income and Expense, excess Income per Mem- 
ber decreased sharply in the past several years due to additional 
activities undertaken. These include: Safety, Hygiene & Air 


Cash and Investments, 9 Years 
(Including all AFS Funds) 


As of Incr. or 
June 30 Cash Investments Total (Decr.) 


$ 85,785. $133,806. $219,590. $(65,609.) 
229,497. 118,806. 348,302. 128,712. 
103,913. 308,806. 412,718. 64,416. 
330,600. 628,208. 215,490. 
448,761. 578,681. (49,527.) 
564,573. 691,626. 112,945. 
456,904. 487,980. (203 ,644.) 
560,960. 576,565. 88,585. 
476,848. 497 558. (79,007.) 





127,053. 
31,076. 
115,605. 
20,710. 


Condensed Statement of Income 
and Expense 


{All Expenses Distributed to Major Activities) 
Fiscal Years July, 1955-June, 1957 
(As Audited) 





INCOME 
Total Income 
Amount Per Cent 
Membership Dues ....................-$ S27 908. 
Publications 136,735. 
i ras a ceo aneeeiais 576,447. 
Conventions & Exhibit 384,647. 
Investments & Miscellaneous Income... . 48,277. 


rr ere $1,674,014. 


EXPENSE 
Total Expense 
Amount Per Cent 
Membership Service .740. 5.8 
Technical & Research 027. 12.1 
Publications 
ee 
Chapter Operations 
Conventions & Exhibit 
General Administration 
Safety, Hygiene & Air Pollution Control. . 


ee $1,632,052. 


Excess INCOME, 2 YEARS 





Comparative Condensed Balance Sheets 
As of June 1954 to June 1957, inclusive (4 Years} 





June 30 June 30 
1954 1955 


June 30 
1956 


June 30 
1957 


Incr. + 
(Decr.—) 
Over 1956 


Incr. + 
(Decr.—) 
4 Years 





$127,052.55 
564,572.71 
37,135.44 
17,266.10 
9,925.30 
13,045.65 
155,260.20 


BD his Wah en wins LAPSE he ee BAS we rr 
Investment Securities 

Inventories 

Accounts Receivable 

Deferred & Prepaid Items 

Furniture & Fixtures (net) 

Land and Building 


$ 31,075.51 
456,904.43 
52,322.67 
36,179.42 
11,153.74 
27,151.35 
277,338.88 


$115,604.32 
560,960.20 
52,217.54 
10,283.93 
8,103.29 
$3,984.58 
273,101.93 


$ 20,710.26 
476,848.03 
57,067.02 
13,336.47 
13,141.26 
33,325.72 
267 904.48 


$ (94,894.06) 
15,887.83 
4,849.48 
3,052.54 
5,037.97 

(658.86) 

(5,197.45) 


$(106,342.29) 

(87,724.68) 
19,931.58 

(3,929.63) 
3,215.96 
20,280.07 
112,644.28 





$924,257.95 


$892,126.00 


$954,255.79 


$882,333.24 


$(71,922.55) 


$(41,924.71) 








LIABILITIES 
Current Liabilities 
Fund Principals 


$ 11,803.38 
912,454.57 


$ 91,104.99 
801,021.01 


$ 45,630.97 
908,624.82 


$ 43,984.17 
838,349.07 


$ (1,646.80) 
(70,275.75) 


$ 32,180.79 
(74,105.50) 





$924,257.95 


$892,126.00 


$954,255.79 


$882,333.24 


$(71,922.55) 


$(41,924.71) 








Nore: Includes all Awards, Building, SH&AP, and Retirement Funds. 
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Pollution Control; many new Publications; Foundry Instructors 
Seminar; expanded Research; Staff Retirements, etc. 

It can be stated unequivocally, therefore, that the only Society 
memberships which “pay for themselves” (in terms of Average 
Income or Expense per Member) are the Company and Sustain- 
ing memberships. Since Company membership dues are pegged 
at $100 per year, whereas Sustaining memberships begin with 
a minimum of $300 per year, it is obvious that fullest support of 
Society activities through membership is possible only through 
the holding of Sustaining memberships well in excess of the 
minimum. 


Financial Condition as of June 30, 1957 


The Society's financial condition as of June 30, 1957, is com- 
pared in the Auditor’s Report for three years, showing a de- 
crease of $70,276 or 7.7% in Fund Principals (Surplus) from June 
30, 1956 . . . and an increase of $37,327 or 4.7% over June 30, 
1955. A comparison between the figures at the end of 1957 and 
1955 is more germane because of the biennial fluctuations of 
Society Income and Expense, as previously noted. 


2-Year Budget 1957-1959 


As stated, the Society operates on a 2-year budget, in order 
to counteract the effect of various biennial sources of Income 
and Expense. Two-year budgets are established at the beginning 
of each odd-numbered year (e.g. 1955, 1957, etc.) and are sub- 
ject to annual review. The following data shows the current 
2-vear budget for 1957-1959: 


XVii 


Excess Income 
(Expense) 


$168,600 


Income Expense 


1957-58 Budget .. . .$1,088,950. $ 920,350. 
1958-59 Budget .... 839,650. 972,900. (133,250) 


2-Year Budget $1,928,600. $1,893,250. $ 35.350 


In other words, the Society’s budget margin of Excess Income, 
calculated to be produced during the 2-year period ending June 
30, 1959, is only $35,350. Stated in another way, while AFS cal- 
culates an Income close to $2,000,000 during 1957-1959, it has 
budgeted 98.2% of this total Income for Services to the Castings 
Industry. 








Finance Conclusions, 1956-57 
During the fiscal year 1956-57, the Society’s financial opera- 

tions developed precisely as budgeted. with actual Net Expense 
within less than $100 of budget. The Engineered Gastings Show, 
as a first venture, broke even, with Net Income of slightly over 
$1,000. Mopern Castincs magazine produced Net Income in 
excess of $23,000, illustrating progressive advertiser acceptance, 
due to its proven ability to produce returns in inquiries and 
sales. While Society finances still vary widely from year to 
year, even though Expenses are kept under close budgetary con- 
trol, it is hoped that the margin may be gradually reduced 
through still greater acceptance of Mopern Castincs and the 
Engineered Castings Shows. 

Respectfully submitted, 

Won. W. MALONEY 

General Manager-Treasurer 





Minutes 
First Meeting 1956-57 AFS Board of Directors 


Hotel Claridge, Atlantic City, N.J. — May 10, 1956 


(1) ROLL CALL: 
President Frank W. Shipley, presiding 
Vice-President Harry W. Dietert 
General Manager Wm. W. Maloney 


Directors (exp. 1957) 
Frank C. Cech 
Lewis H. Durdin 
B. George Emmett 
Wm. M. Hamilton 
Wm. A. Morley 
Bruce L. Simpson 
Harold L. Ullrich 
Directors (exp. 1958) 
Curtis C. Drake 
Harold C. Erskine 
C. Wm. Gilchrist 
O. Jay Myers 
Charles E. Nelson 
Robert W. Trimble 
Directors (exp. 1959) 
Roger W. Griswold 
Herbert Heaton 
A. V. Martens 
Alexander Pirrie 
R. Verne Righter 
Gerald R. Rusk 
Retiring Directors (as Observers) 
Frank J. Dost 
Edw. C. Hoenicke 
Thos. Kaveny, Jr. 
G. Ewing Tait 
Absent: Directors E. R. Oeschger, R. A. Oster, G. P. Phillips. 
President Shipley expressed appreciation for the honor ac- 
corded him to serve as President, and stated that it would be 
his intention to give all Directors opportunity to express opin- 
ions on any subject, and that the main consideration of all 
should be: “Is it for the good of the Society?” The President 


then introduced Vice-President Harry W. Dietert, who ex- 
pressed confidence in the continued progress of the Society 
under the President’s leadership. 


(2) Election of Regional Vice-Presidents 
President Shipley announced that the following Regional 

Vice-Presidents had been elected by letter ballot of the Board 
for 1956-57: 

Region No. 1 — Harold L. Ullrich 

Region No. 2— Charles E. Nelson 

Region No. 3—O. Jay Myers 

Region No. 4— Wm. M. Hamilton 

Region No. 5 — B. George Emmett 


(3) Formation of Executive Committee 
The President stated that under the By-Laws it was necessary 

to elect three Regional Vice-Presidents who, together with the 
President, Vice-President and immediate past President, would 
form an Executive Committee of six members. He also stated 
that it was his intention to continue the practice of inviting all 
Regional Vice-Presidents to attend meetings of the Executive 
Committee. Accordingly, by secret ballot of the Board, the 1956- 
57 Executive Committee was formed as follows: 

President Frank W. Shipley, Chairman 

Vice-President Harry W. Dietert 

Past President Bruce L. Simpson 

Regional Vice-Pres. Chas. E. Nelson (Region No. 2) 

Regional Vice-Pres. O. Jay Myers (Region No. 3) 

Regional Vice-Pres. Wm. W. Hamilton (Region No. 4) 


(4) Appointment of N.C.C. Representatives 

The President stated that AFS, as a charter member of the 
National Castings Council, was obliged to name two official 
representatives, one of which, under the rules of the Council, 
must be the incumbent President. On motion made, seconded 
and carried, Vice-President Dietert was named with President 
Shipley to represent the Society on the National Castings 
Council. The General Manager was instructed to notify the 
Council accordingly. 





(5) Appointment of Board Committees 


President Shipley stated his desire to appoint Board and 
other official committees for the fiscal year 1956-57. On motion 
made, seconded and carried, the following committees were 
approved: 

Executive Committee (as elected) 

F. W. Shipley, Chairman Chas. F. Nelson 

H. W. Dietert, Vice-Pres. O. Jay Myers 

B. L. Simpson, Past Pres. Wm. M. Hamilton 
Finance Committee (self-appointive) 

F. W. Shipley, Chairman B. L. Simpson 

H. W. Dietert Wm. W. Maloney, Treas. 
Board of Awards (self-perpetuating) 

W. B. Wallis (1948-49), Chairman 

E. W. Horlebein (1949-50) Collins L. Carter (1953-54) 

W. L. Seelbach (1951-52) Frank J. Dost (1954-55) 

{. R. Wagner (1952-53) B. L. Simpson (1955-56) 
Chapter Contacts Committee 
H. W. Dietert, Chairman 
H. L. Ullrich — Region 1 

C. E. Nelson — Region 2 B. George Emmett — 
O. Jay Myers — Region 3 Region 5 
All Members of Board, members of Committee. 


W. M. Hamilton — 
Region 4 


Publications Committee 
§. C. Massari, Chairman 
W. A. Morley, Board Liaison 
B. N. Ames 
D. L. Colwell 
Board Research Committee 
C. E. Nelson, Chairman 
L. H. Durdin 
H. C. Erskine 
O. Jay Myers 
Board Liaison to S&%H&AP Steering Committee 
R. V. Righter W. M. Hamilton 
Board Liaison to Education Division 
F. C. Cech R. A. Oster 
Annual Lecture Committee 
R. F. Thomson, Chairman 
G. P. Halliwell 
C. F. Joseph 
Technical Council 
1956— 1957 — 
Frank B. Rote, Chairman Frank B. Rote, Chairman 
F. W. Shipley, H. W. Dietert, 
Vice-Chairman Vice-Chairman 
National Castings Council Representatives 
F. W. Shipley H. W. Dietert 
AFS Trustees to Foundry Educational Foundation 
L. H. Durdin (1955-57) O. Jay Myers (1956-58) 
Official International Representatives 
H. W. Dietert Vincent Delport 
Walter L. Seelbach Wm. W. Maloney 


(6) Chapter Contacts Organization 
Vice-President Dietert, as chairman of the Chapter Contacts 
Committee, completed Director assignments for the year (ac- 
cepted by all Directors present), as follows: 
Harry W. Dietert — Texas, Texas A. & M. College. 
Frank C. Cech — Canton, Northeastern Ohio. 
C. C. Drake — Corn Belt, Timberline. 
Lewis H. Durdin— Birmingham, University of Alabama, 
Mexico. 
B. George Emmett — Northern California, Southern Cali- 
fornia. 
Harold C. Erskine — Pennsylvania State University, Pitts- 
burgh. 
C. Wm. Gilchrist — Central Ohio, Cincinnati, Ohio State 
Univ. 
Roger W. Griswold — Western New York, Northwestern 
Pennsylvania. 
W. M. Hamilton — Mid-South, Tennessee. 
Herbert Heaton — British Columbia, Oregon, Oregon State 
College, Washington. 
A. V. Martens — Central Illinois, Quad City. 
William A. Morley — Chesapeake, Philadelphia. 
O. Jay Myers — Twin City. 
Charles E. Nelson — University of Michigan, Michigan State 
Univ., Saginaw Valley, Western Michigan, Central Michi- 
gan. 


Thomas T. Lloyd 
J. A. Rassenfoss 
C. A. Sanders 


E. R. Oeschger 
G. P. Phillips 
H. L. Ullrich 


S. C. Massari 
W. E. Sicha 
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Eugene R. Oeschger — Central New York, Eastern New York, 
Rochester. 

Richard A. Oster — Northern Illinois-Southern Wisconsin, 
Wisconsin, University of Wisconsin. 

Garnet P. Phillips — Chicago. 

Alexander Pirrie — Eastern Canada, Ontario. 

R. Verne Righter — Central Indiana, University of Illinois. 

Gerald R. Rusk — Detroit, Michiana, Toledo. 

R. W. Trimble — Mo-Kan, St. Louis, University of Missouri 
School of Mines, Tri-State. 

Harold L. Ullrich — Brooklyn Polytechnic Institute, Con- 
necticut, Massachusetts Institute of Technology, Metro- 
politan, New England. 


(7) Selection of 1959 Convention City 

The General Manager stated that it was necessary to select 
a 1959 Convention City at this time, in order to make proper 
arrangements for meeting rooms, hotel accommodations, etc. 
He stated that Chapter invitations had been received from 
Eastern Canada for a non-exhibit convention in Montreal, 
and from Chesapeake for a non-exhibit meeting in Wash- 
ington, D. C. 

Retiring President Simpson suggested that the 1959 meeting 
be held in Boston, in view of the New England Chapter having 
been established. He pointed out that good facilities existed 
there for an Engineered Castings Show, and that AFS had not 
met in Boston since 1917. 

At this point retiring Director Tait recommended that 
Montreal be dropped from consideration in 1959, due to lack 
of facilities for an Engineered Castings Show. Instead, he asked 
that Toronto be considered for 1961 on the basis of the 
success of the 1957 Engineered Castings Show and its continu- 
ation thereafter. He stated that American exhibits would be 
required to enter Canada under bond, and would have to clear 
U. S. customs on re-entry into this country. 

On motion made, seconded and carried, the Board voted to 
hold the 1959 Convention of AFS in Boston with an Engineered 
Castings Show, and instructed the General Manager to express 
appreciation to Director Tait and the Eastern Canada Chapter 
for withdrawal of Montreal, and to propose Toronto for an 
AFS Convention at a later date. 

(8) Selection of 1960 Convention City 

The General Manager, emphasizing the necessity of booking 
exhibit halls four to six years in advance, in order to be 
assured of desirable dates and all facilities, asked for decision 
on location of the 1960 Castings Congress and Show. On request, 
he outlined the advantages and disadvantages of Atlantic City, 
Chicago, Cleveland, Detroit, New York and Philadelphia. 

He stated that it had long been a policy of AFS to alternate 
its Conventions between various foundry areas. With the 1958 
Castings Congress & Show scheduled for Cleveland, and since 
the projected new auditoriums in Chicago and Detroit were 
uncertain as to completion by 1960, he recommended meeting 
in the Eastern states in 1960 . . . either in Philadelphia or 
Atlantic City. 

It being the consensus that meetings in Atlantic City should 
be held at an interval of more than four years, on motion 
made, seconded and carried the Board voted to hold the 1960 
Castings Congress and Show in Philadelphia, subject to con- 
currence by the AFS Committee of Exhibitors. 

The General Manager pointed out that the Board had previ- 
ously voted to issue invitation to the International Committee 
of Foundry Technical Associations to hold an International 
Foundry Congress in the U.S. in 1960. His suggestion that 
this invitation be deferred until 1962, for a possible Interna- 
tional in the new Detroit Auditorium, was accepted without 
vote. 

(9) Chapter Officers Conference 
President Shipley reminded all new Directors of their obliga- 
tions to attend the 1956 Chapter Officers Conference, at the 
LaSalle Hotel, Chicago, June 28-29. He stated that all Di- 
rectors attending would be seated with officers of the Chapters 
assigned to them for Board contacts during 1956-57, and urged 
attendance by as many Directors as possible. 
There being no further business to be considered, the meet- 
ing was declared adjourned. 
Respectfully submitted, 
Wo. W. MALONEY 
General Manager 

Approved: 

FRANK W. SHipLey, President 

July 19, 1956 
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Minutes 






Special Meeting of Executive Committee 


(1) ROLL CALL: 

President F. W. Shipley, presiding 
Vice-President H. W. Dietert 
Past-President B. L. Simpson 
Regional Vice-Presidents: 

C. E. Nelson 

O. Jay Myers 

W. M. Hamilton 

H. L. Ullrich 

B. G. Emmett 
Wm. W. Maloney, General Manager 

(2) A quorum having been established, President Shipley 
called the special meeting to order. 

(3) The by-laws of the Society were read describing the 
method by which the Nominating Committee shall be ap- 
pointed to nominate a President, a Vice-President, and new 
Directors of the Society, for election at the 1957 AFS Conven- 
tion. Names of candidates were presented from lists submitted 
by 28 eligible Chapters, it being reported that 7 eligible Chap- 
ters had not submitted the names of candidates, 10 Chapters 
being ineligible. 

(4) Im accordance with the by-laws, 5 members were ap- 
pointed by the Executive Committee to form, together with 
two Past Presidents, the 1956-57 Nominating Committee, as 
follows: 

Past President B. L. Simpson, Chairman 
Past President F. J. Dost 





Drake Hotel, Chicago — August |, 1956 





W. H. Baer, Bureau of Ships, U. S$. Navy Dept., Washington 
D. C. (rep. Region No. 1, Chapter Group B—Chesa- 
peake Chapter, and Gray Iron, Malleable, Non-Ferrous 
and Steel.) 

Lewis T. Crosby, Sterling Wheelbarrow Co., Cleveland, 
(rep. Region No. 2, Chapter Group F—Northeastern 
Ohio Chapter, and Supplies.) 

Eric Welander, John Deere Malleable Works, Deere & Co., 
Moline, Ill. (rep. Region No. 3, Chapter Group M— 
Quad City Chapter, and Malleable.) 

L. N. Shannon, Stockham Valves & Fittings, Inc., Birming- 
ham, Ala. (rep. Region No. 4, Chapter Group O— 
Birmingham District Chapter, and Malleable, Gray 
Iron and Non-Ferrous.) 

Hubert Chappie, National Supply Co., Torrance, Calif. (rep. 
Region No. 5, Chapter Group Q—Southern California 
Chapter, and Steel and Gray Iron.) 

There being no further business to be considered, the meet- 
ing was declared adjourned. 


Respectfully submitted, 
Wm. W. MALONEY 
General Manager 


Approved: 
F. W. Suipcey, President 
Aug. 16, 1956 
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Annual Meeting 1956-57 Board of Directors 


(1) ROLL CALL: 
President F. W. Shipley, presiding 
Vice-President H. W. Dietert 
Directors: 


(Terms expire 1957) (Terms expire 1958) 


L. H. Durdin C. C. Drake 

B. G. Emmett H. C. Erskine 
W. M. Hamilton C. W. Gilchrist 
W. A. Morley O. J. Myers 

B. L. Simpson Cc. E. Nelson 
H. L. Ullrich R. A. Oster 


(Terms expire 1959) 
R. W. Griswold 
A. V. Martens 
G. P. Phillips 
A. W. Pirrie 
R. V. Righter 
General Manager Wm. W. Maloney 
Asst. Secretary A. B. Sinnett 
Absent: Directors F. C. Cech, E. R. Oeschger, R. W. Trimble, 
H. Heaton, G. R. Rusk. 
A quorum having been established, President Shipley called 
the Annual Meeting of the Board of Directors to order. 


(2) Reading of Minutes 


Minutes of meetings of the Board of Directors held May 7 
and May 10, 1956, were read and approved on motions duly 
made, seconded and carried. 


(3) Report of the General Manager 


The General Manager's report for the fiscal year ended June 
30, 1957, is contained elsewhere in this section. 


Drake Hotel, Chicago — August 2-3, 1956 


(4) Report of the Treasurer 


The Treasurer’s report on AFS finances, covering the fiscal 
year ended June 30, 1957, is printed separately, elsewhere in 
this section. 


(5) Annual Reports of Board Committees 


Chapter Contacts Committee. President Shipley reported as 
Chairman of the 1955-56 Chapter Contacts Committee, thank- 
ing the Directors for their fine work during the past year and 
requesting that continual support be given this important 
activity. 

Exhibits Committee. The General Manager read the minutes 
of the Exhibits Committee meeting of June 5, 1956. 

The committee was unanimous in their opinion that the 
Atlantic City show had been the best AFS show to date; that 
attendance was satisfactory; that the caliber of the people in 
attendance was especially high; and that the convention hall 
was an ideal hall for AFS purposes. The committee recom- 
mended the following: 

(1) Continue a meeting of large space users prior to a con- 
vention, so that centers of interest can be developed in the 
planning of each show. 

(2) Reviewed and approved suggestions for rules and regula- 
tions and operation of future AFS exhibits, with the under- 
standing that the 1958 Exhibits Committee would review same 
prior to adoption for the 1958 show. 

(3) That all exhibitors should hold membership in AFS, 
preferably a Company or Sustaining membership. 

Finance Committee. Chairman Simpson reported on 1955-56 
Income and Expense, and asked that the Board approve all 
actions of the Finance Committee for the year 1955-56. Ap- 
proved on motion duly made, seconded and carried. 

On motion duly made, seconded and carried, the report of 
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George V. Rountree & Co., Chicago, auditing the financial 
books of the Society as of June 30, 1956, was approved. 

Board Research Committee. Chairman Nelson reported on 
the Board Research Committee meeting held June 7, 1956. It 
was the consensus of the committee that ways and means 
should be found for supporting an increased research budget 
each year, providing the committee continues to develop sound 
and well-planned research projects to justify AFS sponsorship. 

Publications Committee. The General Manager read minutes 
of the Publications Committee held June 25, 1956. The com- 
mittee recommended that efforts should be made to reduce 
present inventories of publications through an accelerated sales 
program. 

Annual Lecture Committee. The General Manager reviewed 
minutes of the Annual Lecture Committee meeting held May 
28, 1956, stating that the following topics were under consider- 
ation for 1958: design and product development, and die 
casting. 

National Castings Council. President Shipley reported that the 
National Castings Council is proceeding with preparation of the 
booklet in cooperation with B.D.S.A. 


(6) Special Reports on 1955-56 Activities 


Report on Publication Pricing. Chairman Morley reported 
that the special Board committee to study publications pricing. 
would submit a complete report to the Board in the near 
future. 

Student Redesign Contest. The General Manager read the 
report of past Director Pindell and on motion duly made, 
seconded and carried the report was accepted with a directive 
to the Education Division that their effort be directed to any 
AFS and F.E.F. undergraduate school in the form of a redesign 
contest of castings only, details to be developed by the Educa- 


tion Division and the awards financed from the Obermayer 


Fund. 

Report on Tax Exempt Status. Past President Simpson re- 
viewed for the new Directors the efforts of AFS toward income 
tax classification. President Shipley then read final report of 
the firm of Lybrand, Ross Bros. & Montgomery, recommending 
that AFS not attempt such reclassification. On motion duly 
made, seconded and carried, the report was accepted. 

Recommendations of Board of Awards. The General Mana- 

ger read the recommendations, of the Board of Awards, as 
follows: 

(a) Gold Medal Award. Six only, as at present. The “top” 
AFS award, to be granted exclusively for contributions 
of a technical nature. Recommendations by Board of 
Awards, subject to approval by Board of Directors. Max- 
imum of 3 to be awarded annually. 

Honorary Life Membership. To be awarded only to re- 
tiring AFS Presidents, Gold Medal recipients, and Charles 
Edgar Hoyt Memorial Lecturers. Recommendations by 
Board of Awards, subject to approval by Board of Di- 
rectors. Maximum of 5 to be awarded annually, including 
current Medalists. 

Award of Scientific Merit. New award, in the form of a 
Certificate of Merit. Intended exclusively as a technical 
citation, to recognize outstanding papers, meritorious 
technical contributions or services, and development of 
a new casting process, production method or engineering 
advancement having “future possibilities.” Recommenda- 
tions by Board of Awards, subject to approval by Board 
of Directors. Maximum of 5 to be awarded annually. 
Service Citation. New award, in the form of a Certificate 
of Service. Intended exclusively as recognition for out- 
standing general service, primarily of non-technical na- 
ture, to AFS and the castings industry. Recommendations 
by Board of Awards, subject to approval by Board of 
Directors. Maximum of 5 to be awarded annually. 
National Director Certificate. New award, in the form 
of a Certificate of Appreciation. Intended exclusively for 
service as a National Director, on completion of term of 
office. To be voted by Board of Directors. Maximum 
to be awarded annually, to all retiring Directors. 
Certificate of Recognition. New award, in the form of 
a Certificate of Appreciation. Intended exclusively for 
service as Chairman of a Chapter, Division, or General 
Interest Committee, on completion of term of office. To 
be voted by Board of Directors. To be awarded annually, 
to all such retiring Chairmen. 

Certificate of Chapter Service. New award, in the form 
of a Certificate of Appreciation. Intended exclusively for 
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Chapter use, AFS furnishing blank certificates for issue 
by and within the Chapter organizations, to retiring 
Chapter Officers and Directors. 

Following discussion, on motion duly made, seconded and 
carried, recommendations of the Board of Awards were ap- 
proved, with the following changes: 

(1) Awards of Scientific Merit, and Service Citations, to be 
limited to 3 awards maximum, in each class. 

(2) Awards of Scientific Merit shall in no way keep a man 
from becoming a possible recipient of a Gold Medal. 

(3) National Director Certificates be eliminated. 

(4) Certificates of Recognition for Chapter use shall be a 
Chapter activity only, no national awards to be given. 

Die Casting Committee. Director Nelson reported that the 
chairman of the AFS Light Metals Division was receptive to 
the proposal of including the Association of Die Casting En- 
gineers as a committee of the Division. He was requested to 
make all necessary contacts to formulate such action. 


(7) Election of Chief Administrative Officer 


In executive session, incumbent General Manager Wm. W. 
Maloney was reelected for the fiscal year 1956-57. 


(8) Staff Salaries and Compensations 


In executive session, recommendations of the Finance Com- 
mittee for Staff salaries and compensations during the fiscal 
year 1956-57 were approved. 


(9) Budget of Income and Expense 


Recommendations of the Finance Committee for budgets of 
estimated Income and Expense for the fiscal year 1956-57 were 
considered in detail and approved on motion duly made, sec- 
onded and carried. The General Manager requested that the 
Board allow an alteration of the budget in the event a con- 
templated Die Casting book be published in 1956-57. Request 
granted. 


(10) Chapter Contacts Activities 1956-57 


Vice-President Dietert, as Chairman of the Chapter Contacts 
Committee, presented each Director with a Chapter Contacts 
Manuai for maintaining contacts. He urged all Directors to make 
their contacts as early as possible, with strong emphasis on the 
importance of increasing membership and improving technical 


programs. 


(11) Recommendations of Finance Committee 


Administration. Recommended that the Board of Directors 
hold three meetings during 1956-57, in Augusi, February and 
May; a November meeting to be replaced by Regional Adminis- 
trative Meetings at times and places to be determined. On mo- 
tion duly made, seconded and carried, recommendations ap- 
proved. 

Convention & Exhibit 1957. Recommended that registration 
fees in 1957 be continued at $2.00 for members, $5.00 for non- 
members, with advance registration of Company and Sustaining 
member employees at the member rate, as formerly; gratis reg- 
istration for exhibitor representatives. On motion duly made, 
seconded and carried, recommendations approved. 

Recommended that AFS sponsor a Ladies Program at AFS 
expense, offset by registration fees, with a paid Staff Hostess 
as in 1956; program to be developed cooperatively with the 
Cincinnati Chapter. On motion duly made, seconded and car- 
ried, recommendation approved. 

Four additional recommendations were approved on motions 
duly made, seconded and carried, as follows: 

(1) Space rentals for the Engineered Castings Show in Cin- 
cinnati to range from $2.50 to $3.00 per sq. ft., adjusted to 
locations. 

(2) Excess income from the 1957 Exhibit to be utilized for 
Training and Research, such intention to be announced. 

(3) Invitations to exhibit in 1957 to be confined to the fol- 
lowing: Producers of castings for sale; manufacturers of labor- 
atory and inspection equipment for control of castings quality; 
producers of metals and alloys inherent in castings quality; and 
pattern makers; the Finance Committee to act as an arbitrating 
body in case of questionable exhibits. 

(4) The General Manager is authorized, at his discretion, to 
limit exhibitors in requests for floor space, and to permit no 
gratis assignments of floor space. 

Publications. The Board approved recommendations of the 
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Finance Committee that the 1956 Bound Volume of “Transac- 
tions” be issued at a pre-publication price of $8.00 to members, 
$10.00 after publication, $15.00 to non-members at all times, the 
Publications Committee to be so advised. 

MODERN CASTINGS. The Finance Committee recom- 
mended that the magazine be produced with an excess income; 
that the method of producing such excess income be the re- 
sponsibility of the General Manager; and that Board authority 
concerning the AFS magazine be confined henceforth to overall 
questions of profit and loss, with all operating decisions dele- 
gated to the General Manager. On motion duly made, seconded 
and carried, the recommendations were approved. 

The following three budgetary recommendations re MOD- 
ERN CASTINGS were also approved by the Board on motion 
duly made, seconded and carried. 

(1) Thrt the General Manager be authorized to increase, at 
his discretion, rates for display advertising. 

(2) That operations and financial records of the magazine 
be returned to a fiscal year basis, effective immediately. 

(3) That the General Manager be authorized to increase, at 
his discretion, rates for classified advertising and subscriptions. 

Education. The Finance Committee recommended that AFS 
sponsor a Foundry Instructors Seminar annually until further 
notice, on an invitational basis to be agreed upon with the 
Education Division but not in excess of the 1956 Seminar ar- 
rangement. On motion duly made, seconded and carried, rec- 
ommendation approved. 


(12) Education and Research Foundation 


The General Manager presented the following enabling reso- 
lutions necessary for activation of the AFS Education and Re- 
search Foundation: 

(1) BE IT RESOLVED that the Society shall cause the in- 
corporation of a not-for-profit organization to be known as 
AMERICAN FOUNDRYMEN’S SOCIETY TRAINING AND 
RESEARCH FOUNDATION, the purpose of which shall be to 
pursue exclusively the educational and scientific objectives of 
the Society. 

(2) BE IT FURTHER RESOLVED that the Board of Di- 
rectors of the FOUNDATION shall be comprised of six mem- 
bers, five of whom shall be members of the Society elected by 
the Board of Directors of the Society for terms of five years 
each, except that the initial Directors shall be elected for terms 
of 1, 2, 3, 4 and 5 years respectively; and one of whom shall 
be appointed by the President of the Society for a term of 
one year to represent one of the foundry trade associations. 

(3) BE IT FURTHER RESOLVED that the Society shall 
contribute initially and annually thereafter such sums of money 
and property as the Board of Directors of the Society shall 
from time to time determine upon and as shall be usable by 
the FOUNDATION; and that the FOUNDATION may receive 
and shall solicit contributions for its purposes. 

(4) BE IT FURTHER RESOLVED that the articles of in- 
corporation of the FOUNDATION shall provide that in the 
event of dissolution the assets of the corporation shall be given 
to an organization selected by the dissolving Board of Directors 
which is in good standing and qualified to pursue the pur- 
poses of the FOUNDATION. 

On motion duly made and seconded, paragraphs 1, 3 and 4 
were approved. Paragraph 2 was not approved. After ensuing 
discussion, paragraph 2 was rewritten to read: 

BE IT RESOLVED THAT the Board of the Foundation be 
comprised of seven members, six to be elected by the AFS 
Board to serve terms of three years each and at least three of 
whom must be members of the AFS Board, and one additional 
member appointed by the President for a term of one year. 
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On motion duly made, seconded and carried, the resolution 
as amended was approved, with three dissenting votes, Director 
Ullrich requesting his name be recorded as dissenting. 


(13) Financial Resolutions 


Approval of Resolutions. The following resolutions required 
by banks of deposit for the withdrawal of Society funds and 
documents were approved on blanket motion duly made, sec- 
onded and carried: 

RESOLVED that resolutions required by the Harris Trust & 
Savings Bank of Chicago and by the First National Bank of 
Des Plaines, authorizing the withdrawal of Society funds, are 
hereby approved and the Secretary authorized to certify thereto. 

RESOLVED that checks for the withdrawal of funds de- 
posited in the name of the Society with depository banks, in- 
cluding all Checking accounts and Interest Savings accounts, 
and for the disposition of all securities held im the various 
funds of the Society by the Harris Trust & Savings Bank of 
Chicago and or the First National Bank of Des Plaines, shall 
require the signature of any two of the following: President, 
Vice-President, Secretary-Treasurer, Assistant Secretary, Assis- 
tant Treasurer. 

RESOLVED that the Secretary be authorized to maintain, if 
deemed feasible, a safety deposit box in the name of the Society 
at some convenient location for the safekeeping of Society docu- 
ments, and that any two of the following have authority to 
obtain access to such safety deposit box: President, Vice- 
President, Secretary-Treasurer, Assistant Secretary, Assistant 
Treasurer. 

RESOLVED that the Secretary be authorized to execute all 
contracts for the administration of Society affairs, subject to 
specific approval by the Board of Directors. In the case of AFS- 
sponsored research projects, approval of the project by the 
Board of Directors includes authority for the Secretary to exe- 
cute contracts for performance of such projects on a bid basis. 

RESOLVED that the Secretary be authorized to reimburse 
traveling expenses for members of the Society in attendance at 
any regularly-called Board of Directors, Executive Committee, 
or Technical Committee meeting, with the following excep- 
tions: No expenses shall be paid to Directors or Committee 
members for attendance at meetings held during the week of 
the Annual Convention of the Society, unless specifically author- 
ized by the Board of Directors. 

RESOLVED that the Secretary be authorized to negotiate the 
compensations of necessary Staff employees below $6,000 per 
year, and that Finance Committee approval be required on all 
compensations of $6,000 per year or more. 

RESOLVED that Indemnity Bond be maintained covering 
responsible financial officers of the Society as follows: Blanket 
Position Indemnity Bond covering all Staff members and in- 
cluding all Officers of the Society, whether compensated or 
not, in the amount of $30,000 each. All premiums for such 
Indemnity Bonds to be paid by the Society. 

AFS Expense Policy. The General Manager read the policies 
of the Society, as approved by the Board, governing the reim- 
bursement of travel and incidental expense incurred by mem- 
bers in attending regularly called meetings of the Society. 

Proposed Regional Reorganization. It was agreed that pro- 
posals for reorganization of the present Regions of the Society 
be mailed to Regional Vice-Presidents for consideration and 
conference with Chapters in their respective Regions. 

There being no further business to be considered, the meet- 
ing was declared adjourned. 

Approved: 
F. W. Suipiey, President 
Aug. 16, 1956 
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Minutes 


AFS Finance Committee Meeting 
Union League Club, Chicago — September 14, 1956 


(1) ROLL CALL: 
President F. W. Shipley, presiding 
B. L. Simpson 
W. W. Maloney, General Manager 


S. C. Massari 

A. B. Sinnett 

W. H. Alexander, Attorney 
Absent: 

Vice-President H. W. Dietert 


(2) Proposed Foundation Program 


Director Simpson called attention to the great importance of 
foundry employee training as a major activity that AFS and 
the proposed Foundation should pursue. He stated that few 
facilities exist for advanced training of line supervisors between 
the level of graduate engineers and shop workers and ex- 
pressed the opinion that such training should be a major con- 
sideration of any foundation set up by AFS. He also referred 
to a letter dated Aug. 27, 1956, from Vice-President Dietert, 
urging prompt action along these lines. 

The General Manager then stated that the staff had given 
much thought to development of a comprehensive program 
of maximum value to the industry, and proposed a compre- 
hensive program consisting of the following points: 

(a) Immediate development of the AFS Training and Re- 
search Foundation to make possible the acquisition of sufficient 
funds to materially advance the educational and scientific ob- 
jects of the Society. 

(b) Establishment of a Foundry Training Center building 
adjoining the present AFS Headquarters building, financed by 
AFS and designed and equipped to provide intensive training 
of foundry employees in the U.S. and Canada through estab- 
lished curricula and competent staff and guest teachers. 

(c) Broadening the present AFS Research program by util- 
ization of the laboratory and shop facilities of the proposed 
Institute, with such laboratory. and research facilities and staff 
assistance as projects may require and as the Foundation Trus- 
tees may approve. 

(d) In the interim, prior to actual realization of the pro- 
posed Institute, establish in 1957 a series of Summer Foundry 
Short Courses at one of the major engineering universities, 
with an accepted and intensive two-week curricula and com- 
pensated guest teachers from industry and the education pro- 
fession. 

(e) Establish, commencing the fall of 1957, a minimum of 
three AFS Foundry Technical Seminars, each of 3-day duration 
and each in a separate AFS Region, each covering all cast 
metals, sponsored and arranged by the AFS Central Office and 
conducted by staff and compensated guest speakers. 

(f) Continue the Foundry Instructors Seminar and broaden, 
after 1957, to other areas so as to contact maximum schools, 
instructors and education officials of secondary level schools. 

(g) Implement the Pangborn Scholarship Fund through the 
AFS Training and Research Foundation, augmented by addi- 
tional scholarship funds raised and offered on a regional basis 
through the AFS Chapters. 

Following extensive discussion of the details and obligations 
of the proposed 7-point program, the Finance Committee 
agreed unanimously to call a special meeting of the AFS Board 
of Directors for immediate development of the Foundation 
with an original program as proposed. 


(3) Development of the Foundation 


President Shipley pointed out that a number of matters con- 
cerning the Foundation were still to be resolved, beyond those 
actions taken at the recent annual Board meeting. He expressed 
concern over lack of unanimity in Board balloting on the 
original resolution to create the Foundation and asked that the 
Finance Committee review the entire proposal so as to make 
more complete and specific recommendations. 

It was agreed to recommend that the proposed Foundation 
be officially termed “Training and Research Foundation of the 
American Foundrymen’s Society,” as fully indicating the scope 
of the project. 


The enabling resolution for the Foundation was reviewed in 
detail as approved at the Annuai Board Meeting, reading as 
follows: 

(a) BE IT RESOLVED that the Society shall cause the in- 
corporation of a not for profit organization to be known as 
AMERICAN FOUNDRYMEN’S SOCIETY TRAINING AND 
RESEARCH FOUNDATION, the purpose of which shall be to 
pursue exclusively the educational and scientific objectives of 
the Society. 

(b) BE IT RESOLVED that the Board of the Foundation 
be comprised of seven members, six to be elected by the AFS 
Board to serve terms of three years each and at least three of 
whom must be members of the AFS Board, and one additional 
member appointed by the President for a term of one year. 

(c) BE IT FURTHER RESOLVED that the Society shall 
contribute initially and annually thereafter such sums of money 
and property as the Board of Directors of the Society shall 
from time to time determine upon and as shall be usable by 
the FOUNDATION; and that the FOUNDATION may receive 
and shall solicit contributions for its purposes. 

(d) BE IT FURTHER RESOLVED that the articles of in- 
corporation of the FOUNDATION shall provide that in the 
event of dissolution the assets of the corporation shall be given 
to an organization selected by the dissolving Board of Directors 
which is in good standing and qualified to pursue the purposes 
of the FOUNDATION. 

After full discussion the Finance Committee unanimously 
agreed to present to the Board a new enabling resolution to 
supersede and replace the resolution previously approved, to in- 
corporate the following points: 

(a) The Foundation at the outset should not be incorporated, 
so that the governing personnel may be termed Trustees in- 
stead of Directors. 

(b) The Foundation Trustees should include at all times 
the incumbent President, Vice-President, and immediate past 
President of the Society. 

(c) The Foundation Trustees should total seven in number, 
four to be elected by the AFS Board from the Society member- 
ship at large. 

(d) All elected Trustees should serve terms of four years 
each, except that initially the four elected Trustees should be 
elected for terms of one, two, three and four years, respec- 
tively; one Trustee to be elected annually thereafter for a term 
of four years. 

(e) In view of the agreement not to incorporate the Founda- 
tion at the outset, AFS and the Foundation should enter into 
a Trust Agreement in lieu of articles of incorporation. 

(f) The proposed Training Center should be known as the 
“Casting Institute of the AFS Training and Research Founda- 
tion.” 

(g) To establish the Casting Institute, AFS should execute a 
mortgage with the Foundation for immediate construction of 
the Institute on the present AFS Headquarters site, at an esti- 
mated cost of $200,000, said mortgage to bear interest; the 
loaned sum ‘to be withdrawn from AFS reserve funds and reim- 
bursed thereto from mortgage payments. 

(h) The Foundation should be accorded the right, together 
with AFS, of soliciting from the industry contributions, equip- 
ment, legacies, bequests, etc., for purposes of the Foundation. 


(4) Special Meeting of the Board of Directors 


It was unanimously agreed that a special meeting of the 
Board of Directors be called Nov. 16, 1956, exclusively for de- 
velopment of the Training and Research Foundation. The AFS 
attorney, W. H. Alexander, was requested to revise the enabling 
resolution for presentation at that time. The staff was directed 
to prepare all related material and program data in sufficient 
detail as to enable full discussion and decision by the Board 
at this special meeting, no publicity to be given the proposals 
prior to Board action on the overall plan. 

The General Manager pointed out that the offer of $50,000 
for scholarships from the Pangborn Foundation had been de- 
ferred by T. W. Pangborn until Dec. 31, 1956, pending ability 
of AFS to accept, and that this extension was granted with the 
















understanding that AFS would advise Mr. Pangborn of progress 
no later than Dec. 1, 1956. In view of the proposed AFS 
Foundation and the related Castings Institute program, the 
President and General Manager agreed to visit Mr. Pangborn 
personally and advise him of all developments, with a request 
for further extension of his scholarship offer. Mr. Simpson 
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agreed to negotiate an early meeting date with Mr. Pangborn. 
There being no further business to be considered, the meet- 

ing was declared adjourned. 

Approved: . 

F. W. Suiptey, President 

Sept. 25, 1956 
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Special Meeting of AFS Executive Committee 


(1) ROLL CALL: 
President F. W. Shipley, presiding 
Vice-President H. W. Dietert 
Director B. L. Simpson 
Director H. L. Ullrich 
Director C. E. Nelson 
Director O. J. Myers 
Director B. G. Emmett 


Wm. W. Maloney, General Manager 

S. C. Massari, Technical Director 

A. B. Sinnett, Assistant Secretary 

W. H. Alexander, AFS Attorney 
Absent: Director W. M. Hamilton. 


A quorum having been established, President Shipley stated 
that the purpose of the meeting was solely to discuss the 
proposed program of the AFS Training and Research Institute 
in the hope that the Finance and Executive Committees might 
make joint recommendations to the Board of Directors, meet- 
ing Nov. 16. He stated that a 66-page brochure on a proposed 


Institute program had been mailed Nov. 7 to all AFS Directors 
for advance study. 


(2) Legal Opinions on Institute Matters 


The President introduced the AFS attorney, W. H. Alex- 
ander, of Ashcraft & Ashcraft, Chicago, was prepared to answer 
any points of legality that might arise. The President placed 
in the record the following opinions rendered by Mr. Alexander 
in response to specific questions raised by the General Manager: 

(Q) An opinion on the validity of the proposed 6-Point 
Program as proper Institute activities, and their possible ef- 
fect on an Institute application for 501 (c) (3) status. 
(A) I consider it legally valid in every respect and consider 
that it will in no way endanger classification of the founda- 
tion under Revenue Code Section 501 (c) (3). In fact, it 
should be a salutary move to the end of obtaining that 
classification. During the past fifteen years, during which I 
have had the privilege of advising on affairs of American 
Foundrymen’s Association and American Foundrymen’s So- 
ciety, the creation of a foundation and reclassification of the 
Society have been proposed often, always attended by lack 
of enthusiasm by the Board for various reasons. The present 
program proposed to implement the proposal that a founda- 
tion be established is, in my judgement, the first realistic 
and completely thought-out program that has appeared. It 
should overcome the lack of enthusiasm that attended the 
previous efforts. 

(Q) An opinion as to whether the proposed Institute and 

facilities are permissible on the present AFS site, now zoned 

“Commercial” under the zoning ordinance of Des Plaines. 

(A) From a study of the Des Plaines City zoning ordinance 

and from my knowledge of the facilities for training that 

are contemplated, it is my opinion that you will be permitted 
to construct the Institute and install the facilities thereof. 

However, this may require a change of zoning from Com- 

mercial to Scientific Research and Development district, 

which the ordinance provides for in the B Industrial district. 

Change gf zoning is not without its risks. It is my recom- 

mendation that this matter be explored with the proper city 

officials at the earliest moment consistent with other develop- 
ments of the project and in any event before any steps are 
taken in pursuance thereof. 

(Q) A letter of opinion, if advisable, as to whether the pro- 
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posed Institute would be required to pay personal or real 
property taxes if approved for 501 (c) (3) status. 

(A) I am of the opinion that under presently existing prac- 
tices of the Assessor of Cook County, the Institute would not 
be required to pay personal or real property taxes. There is 
a current tendency to limit exemptions. This is an uncertain 
factor, and is the effect of adoption of the proposed revenue 
amendment and the action of the Legislature pursuant 
thereto. 

(Q) An opinion in the matter of contributions to the Insti- 
tute prior to 501 (c) (3) status approval. Would a contribution 
of up to $5,000 or $10,000 in cash or equipment equivalent 
be deductible as a business expense? Also what is your 
opinion on solicitation pledges payable upon approval of 
501 (c) (3) status? 

(A) Relative to deductibility, as a business expense, of con- 
tributions -to the Institute. Internal Revenue Code Sec. 162 
allows deduction against taxable income of “all the ordinary 
and necessary expenses paid or incurred during the taxable 
year in carrying on any trade or business.” It is my opinion 
that payments for the purposes of the Institute can be justi- 
fied as ordinary and necessary to the conduct of the business 
of a donor whose business will benefit from the activities of 
the Institute. The amount will depend on factors best known 
to the donor. It is possible that gifts of as much as $10,000 
could be justified. I consider it entirely proper and purpose- 
ful that gifts be solicited payable upon approval of Section 
501 (c) (3) classification. 

(Q) An opinion as to the validity of AFS loaning $200,000 
to the Institute on a note or mortgage with interest, particu- 
larly whether this would affect application for 501 (c) (3) 
status. 

(A) Relative to the propriety of a loan by American Found- 
rymen’s Society to the Institute, you are advised that the 
Society may loan money for its corporate purposes. I do not 
consider that there is any limitation on the amount. It is 
also proper for the Society to give money for such pur- 
poses. Whether a loan is made with or without interest and 
with or without security, such as a mortgage, is for the 
Board at the time to decide. I am inclined to think that 
the Internal Revenue service looks at a loan without interest 
in a more favorable light, in that there would be no com- 
mercial aspect to this venture which is in pursuance of the 
purposes of the Society, but I do not believe that the charg- 
ing of interest would cause refusal of the desired classification 
or jeopardize the present status of the Society. 

(Q) At what exact point, for purposes of applying for 
501 (c) (3) status, would the 12-month period of Institute 
operation required for such application commence? 

(A) As you know, 501 (c) (3) classification cannot be applied 
for normally until the Institute has been operating for one 
year. This requirement contemplates active operation. How- 
ever, I believe there will be no difficulty if the period were 
counted from the time of signing the agreement by the So- 
ciety and the Trustees after adoption of the enabling resolu- 
tion by the Board. It would be well, however, to implement 
the functioning as rapidly thereafter as possible. 

(Q) It is suggested that the Institute courses be available 
to American, Canadian and a limit of three others from other 
countries, the latter only on recommendation and sponsor- 
ship of the International Cooperation Administration. An 
opinion might be helpful as to whether such a stated policy 
would have any effect on application for 501 (c) (3) status. 
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(A) I understand it is suggested that Institute courses be 
available to Americans, Canadians and a limit of three from 
other countries, the latter on recommendation and sponsor- 
ship of the International Cooperation Administration. I do 
not deem that such a policy would create any problem bear- 
ing on application for 501 (c) (3) status. You also ask whether 
application for Institute training could or should be limited 
to (1) AFS members or (2) Institute members of the types 
discussed previously. I do not perceive any legal involvements 
whatsoever and have no opinion otherwise regarding the choice. 


(3) Institute Building Permit 


With reference to the attorney's opinion re building permit 
to erect the proposed Institute building on present AFS property 
in Des Plaines, it was brought out that no one could guar- 
antee, in advance of definite plans, the issuance of a building 
permit for a specific structure in any given community. It was 
the consensus that the General Manager should obtain the 
reactions of Des Plaines city officials toward the Institute build- 
ing as proposed, at the carliest possible date. 

The General Manager pointed out the expressed desire of the 
Committees that all possible Institute activities—Training 
Courses, Summer Short Courses, Foundry Instructor Seminars 
—be carried on at the proposed Institute building. He stated 
that in his opinion present AFS property did not allow for 
sufficient off-the-street parking area to do so, and suggested 
purchase of adjoining property for this purpose. It was the con- 
sensus of both Committees that such purchase should not be 
made for parking purposes alone. 

It was also the consensus that the proposed “publicity re- 
lease” on the Institute, included in the 66-page brochure, 
should be withheld until the attitude of city officials toward 
the proposed building has been obtained. 

(NOTE: The following letter dated Dec. 6, 1956, was re- 
ceived from Arthur F. Rieck, Building Commissioner for 
the City of Des Plaines: “The Committee on Building Con- 
trol & Inspection advises me that you be notified that addi- 
tional parking facilities will be required before approval 
is granted for erection of an additional building now under 
consideration.” Contents of this letter brought to attention 
of the Finance Committee.) 


(4) Approval of Enabling Resolution 


The President reviewed the several reasons why the Resolu- 
tion creating the Institute, as adopted by the Board on Aug. 2, 
1956, should be revised in light of the broad plan since pro- 

sed. A new Resolution prepared by Mr. Alexander was con- 
sidered in detail. Letter from absentee Director W. M. 
Hamilton, expressing approval of the entire Institute program 
proposed, was presented. 

On motion duly made, seconded and unanimously carried, 
the proposed new enabling Resolution was approved with 
minor changes in wording and recommended for acceptance 
by the Board of Directors as a joint recommendation of the 
Finance and Executive Committees. 


(5) Approval of 6-Point Institute Program 


Each of the six points included in the proposed program 
for the Institute was considered and discussed in detail. Actions 
on each of the six proposals was as follows: 

(1) PROPOSED that AFS finance immediate construction 

of a Foundry Training Center adjoining the present Head- 

quarters Building in Des Plaines, Ill. . . . designed, equipped 
and staffed to provide practical, intensive job training of 
foundry personnel . . . and operated by the AFS Institute. 

On motion made, seconded and carried, Proposal No. 1, above, 
was approved as a joint recommendation of the Finance and 
Executive Committees for acceptance by the Board of Directors. 

(2) PROPOSED that the AFS Foundry Instructors Sem- 

inar be continued as an integral part of the Institute edu- 

cational program and extended to other areas for maximum 
contact with foundry and patternmaking instructors and 
education officials of secondary level schools. 

On motion made, seconded and carried, Proposal No. 2 was 
approved as a joint recommendation of the Finance and Execu- 
tive Committees for acceptance by the Board of Directors. 

(3) PROPOSED that AFS expand its member technical 

field services by establishing, under the Training and Re- 

search Institute, a series of Summer Foundry Short Courses 
and Regional Castings Councils, to supplement existing 

Chapter meetings and Regional Conferences. 

In response to question, it was the consensus that the pro- 
posed Regional Technical Councils would not conflict with 
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present Chapter-sponsored Regional Foundry Conferences, by 
reasons of timing, location and nature of programs. It was sug- 
gested that caution should be exercised in establishing at- 
tendance fees for the field programs proposed, and that fees 
might well vary between AFS Regions, depending on local 
conditions. On motion made, seconded and carried, Proposal 
No. 3 was approved as a joint recommendation of the Finance 
and Executive Committees for acceptance by the Board of 
Directors. 

(4) PROPOSED that AFS adopt and develop through the 

Training and Research Institute, at an appropriate time, 

a broad program of Scholarships at the secondary school 

level, financed by donations and grants, and by other 

funds raised in local foundry areas, for the encouragement 
of engineering college enrollment and interest in foundry 
careers. 

On motion made, seconded and carried, Proposal No. 4, was 

approved as a joint recommendation of the Finance and Execu- 

tive Committees for acceptance by the Board of Directors. 

The General Manager was requested to notify the Foundry 

Educational Foundation, due to related interests in the pro- 

posal. 

(5) PROPOSED that all Research activities of AFS be 

conducted by the AFS Training and Research Institute and 

broadened on a scale commensurate with available funds 
and projects, by utilizing both present means and the 
laboratory and shop facilities of the Institute’s Training 

Center. 

On motion made, seconded and carried, Proposal No. 5, 
was approved as a joint recommendation of the Finance 
and Executive Committees for acceptance by the Board of 
Directors. 

(6) PROPOSED that the AFS Board now complete the 
organization of the AFS Training and Research Institute, 
approve immediate development of the comprehensive pro- 
gram proposed, and authorize means for the acquisition of 
sufficient funds to materially advance the educational and 
research objectives of the Society. 

On motion made, seconded and carried, Proposal No. 6 
was approved as a joint recommendation of the Finance and 
Executive Committees for acceptance by the Board of Di- 
rectors. 


(6) Financing of Proposed Institute Building 


Various methods of financing the proposed Institute building 
were discussed and evaluated. Letter was presented from Nicol 
& Nicol, Chicago architects, who prepared the tentative build- 
ing plans included in the 66-page Institute brochure, estimating 
construction cost at approximately $200,000. It was the con- 
sensus that financing by means of “construction loans” should 
be thoroughly explored before financing commitments are 
made. 

On motion made, seconded and unanimously carried, the 
following method of financing the proposed Institute build- 
ing (based on estimated cost of $200,000 plus cost of furnish- 
ings) was approved as a joint recommendation of the Fi- 
nance and Executive Committees for acceptance by the Board 
of Directors. 

RECOMMENDED: The AFS negotiate a 15-20 year loan of 

$200,000 at the lowest interest rate available, utilizing as 

collateral the present Headquarters Building and/or such 
securities as are necessary; that AFS construct the Institute 
building and lease it to the Institute at an agreed annual 
rental calculated to amortize the loan over the period 
stated; that AFS retain possession of the building until 
liquidation of the loan, and then deed the building to the 
Institute. 


(7) Permanent Institute Financing 

A proposed means of permanently financing Institute ac- 
tivities was considered, involving an increase in Sustaining 
memberships and dues thereof. On motion made, seconded 
and carried, the proposal as submitted was approved as a 
joint recommendation of the Finance and Executive Committees 
for acceptance by the Board of Directors. 

It was the consensus that some study of the AFS dues 
structure should be made in order to provide more equitable 
company dues based on some “size-of-firm” sliding scale. 


(8) Interim Institute Expense 
The General Manager requested action for AFS acceptance 


of Institute expense (promotion, Committee expense, Staff 
expense, etc.) until such time as Institute funds may be- 
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come available. On motion made, seconded and carried, the 
Finance and Executive Committees jointly recommended that 
the Board of Directors make provision for AFS acceptance of 
interim Institute expense as an obligation of the Society in 
creating the Institute. 


(9) Nomination of Trustees 


In order to save time at the Nov. 16 meeting of the Board 
of Directors, the Finance and Executive Committees placed in 
nomination as Institute Trustees the names of qualified AFS 
members for Board consideration. 


(10) AFS Institute “Governing Principles” 


For the guidance of AFS and Institute Officers, Directors 
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and Staff, a set of 39 “Governing Principles” were presented 
and discussed individually. It was agreed that Principle No. 26— 
Education should be revised to provide that certain educational 
activities shall be carried on by the Institute, others by AFS. 
On motion made, seconded and carried, the 39 “Governing 
Principles,” as amended, were approved as a joint recom- 
mendation of the Finance and Executive Committees for ac- 
ceptance by the Board of Directors. 
There being no further business to be considered, the 
meeting was declared adjourned. 
Approved: 
F. W. SuipLey, President 
Jan. 15, 1957 





Minutes 


Special Meeting of AFS Board of Directors 
Hotel Sherman, Chicago — November 16, 1956 


(1) ROLL CALL: 
President F. W. Shiplev, presiding 
Vice-President H. W. Dietert 
Directors (exp. 1958) 
C. C. Drake 
H. C. Erskine 
C. W. Gilchrist 
O. J. Myers 
C. E. Nelson 
R. A. Oster 
R. W. Trimble 


Directors (exp. 1959) 

R. W. Griswold 

H. Heaton 

A. V. Martens 

G. P. Phillips 

G. R. Rusk 
Wm. W. Maloney, General Manager 
S. C. Massari, Technical Director 
A. B. Sinnett, Assistant Secretary 

ibsent: Directors W. M. Hamilton, A. W. Pirrie, R. Verne 
Righter. 

A quorum having been established, President Shipley an- 
nounced that the meeting would be devoted primarily to dis- 
cussion of the proposed AFS Training and Research Institute, 
and that the reading of Minutes of the previous Board meeting 
would be dispensed with, if agreeable. Agreed to by consensus. 


Directors (exp. 1957) 
F. C. Cech 
L. H. Durdin 
B. G. Emmett 
W. W. Morley 
F. R. Oeschger 
Bb. L. Simpson 
H. L. Ullrich 


(2) General Discussion 


The President stated that the 66-page brochure covering the 
AFS Institute plan in detail had been mailed to all Directors 
on Nov. 7 so as to allow time for personal study in advance. 
He stated that the Directors had been asked to treat the 
brochure as “Confidential” in the belief that the AFS Board 
was well qualified to pass on the merits of the plan as an 
activity to be determined by AFS alone. 

The President then stated that the entire plan, approved 
in advance by the Finance Committee, had been considered in 
detail at a Special Meeting of the Executive Committee held 
Nov. 15, and that both Committees jointly recommended the 
Institute plan as proposed for adoption by the Board of 
Directors, with certain minor changes in wording and details. 

The meeting then was thrown open for general discussion. 
Attention centered mainly on (a) underlying reasons for 
creation of an Institute; (b) advantages and disadvantages of 
erecting a specialized building for training purposes vs. utilizing 
existing school facilities; (c) estimation by the AFS Board vs. 
an industry-wide survey as to the training needs of the in- 
dustry and the industry's probable support of the training 
program proposed; (d) need for more accurate engineering 
estimate of building costs, based on necessary physical facilities; 
(e) fees for the various training courses and programs. 

Each member of the Board present was given opportunity to 
express his views on the entire Institute plan proposed, and to 
request clarification on any point. The General Manager pre- 
sented communications from absentee Directors Pirrie and 


Hamilton. beth expressing approval of the Institute plan 
presented, urging adoption by the Board and pledging their 
support. He stated that no reactions had been received from 
absentee Director Righter. 


(3) Resolution Creating Institute 


The President reviewed the enabling Resolution passed by 
the Board on Aug. 2, 1956, and stated that for a number of 
reasons the Finance and Executive Committees jointly recom- 
mended a new Resolution to activate the broad Institute 
plan proposed. It was emphasized that approval of the new 
Resolution authorized the Society’s officers to negotiate a Trust 
Agreement with Institute Trustees and to construct and equip 
a building adequate for Institute purposes. 

Tentative architect plans for the Institute building were pre- 
sented, together with letter from Nicol & Nicol, Chicago 
architects, estimating construction cost of approximately 
$200,000. Several Board members questioned the accuracy of 
the cost estimate submitted and requested more accurate costs 
based on an engineering analysis of actual physical require- 
ments, when determined. 

It was agreed that further cost estimates would be made on 
the basis of requirements to be specified by elected Institute 
Trustees, to be presented for final approval at the Board meet- 
ing Feb. 25-27, 1957. Accordingly, the following revised Resolu- 
tion was approved unanimously by the Board of Directors, 
superseding and replacing Resolution adopted Aug. 2, 1956: 

BE IT RESOLVED that the Society shall cause the creation 
of a foundation to be known as AMERICAN FOUNDRYMEN’S 
SOCIETY TRAINING AND RESEARCH INSTITUTE, the 
purpose of which shall be to pursue exclusively the educational 
and scientific objectives of the Society, and the officers are 
authorized on behalf of the Society to enter into an agreement 
with the Institute trustees establishing said Institute and pre- 
scribing the terms and conditions under which it shall operate; 
and 

BE IT RESOLVED that the affairs of the Institute shall be 
administered by seven trustees known as Institute Trustees, 
of whom the President, the Vice-President and the immediate 
Past President of the Society shall be three, to serve for the 
term of their respective offices; and four shall be elected 
by the Board of Directors of the Society for terms of four 
years each, except that the terms of the initia] Trustees shall 
be for one, two, three and four years, respectively; and 

BE IT RESOLVED that the Society shall contribute such 
sums of money and property as the Board of Directors of the 
Society shall from time to time determine upon and as shall 
be usable by the Institute; that the Society and the Institute 
may solicit contributions of money and materials for the 
purposes of the Institute; and that the Society by approval of 
the Board of Directors, shall construct, equip and make avail- 
able to the Institute an adequate building for the purpose 
of establishing and maintaining its program; and 

BE IT FURTHER RESOLVED that the agreement between 
the Society and the Institute shall provide that in the event of 
dissolution the assets of the Institute shall be given to an 
organization which, selected by the dissolving Board of Trustees, 
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is in good standing and qualified to pursue the purposes of the 
Institute. 

On motion duly made, seconded and carried, the enabling 
Resolution adopted by the Board of Directors on August 2, 
1956, was declared rescinded and revoked and the new Resolu- 
tion accepted. 


(4) Six-Point Institute Program 


The 6-point Program recommended jointly by the Finance 
and Executive Committees to activate development of the In- 
stitute was presented, discussed and approved on motion duly 
made, seconded and carried, as follows: 

(1) THAT AFS_ finance immediate construction of a 
Foundry Training Center adjoining the present Headquarters 
Building in Des Plaines, Illinois . . . designed, equipped and 
staffed to provide practical, intensive job training of foundry 
personnel . . . and operated by the AFS Institute. 

(2) THAT the AFS Foundry Instructors Seminar be con- 
tinued as an integral part of the Institute educational program 
and extended to other areas for maximum contact with 
foundry and patternmaking instructors and education officials 
of secondary level schools. 

(3) THAT AFS expand its member technical field services 
by establishing, under the Training and Research Institute, a 
series of Summer Foundry Short Courses and Regional Cast- 
ings Councils, to supplement existing Chapter meetings and 
Regional Conferences. 

(4) THAT AFS adopt and develop through the Training 
and Research Institute, at an appropriate time, a broad pro- 
gram of Scholarships at the secondary school level, financed 
by donations and grants, and by other funds raised in local 
foundry areas, for the encouragement of engineering college 
enrollment and interest in foundry careers. 

(5) THAT all Research activities of AFS be conducted by 
the AFS Training and Research Institute and broadened on a 
scale commensurate with available funds and projects, by 
utilizing both present means and the laboratory and shop 
facilities of the Institute’s Training Center. 

(6) THAT the AFS Board now complete the organization of 
the AFS Training and Research Institute, approve immediate 
development of the comprehensive program proposed, and 
authorize means for the acquisition of sufficient funds to 
materially advance the educational and research objectives of 
the Society. 


(5) Financing the Institute 


To finance construction of the proposed Institute build- 
ing, various means of financing were presented and discussed. 
On motion duly made, seconded and carried, the following 
joint recommendation of the Finance and Executive Commit- 
tees was accepted: 

THAT AFS negotiate a 15-20 year loan of $200,000 at 

the lowest interest rate available, utilizing as collateral 

the present Headquarters Building and/or such securities 
as are necessary; that AFS construct the Institute building 
and lease it to the Institute at an agreed annual rental 
calculated to amortize the loan over the period stated; 
that AFS retain possession of the building until liquidation 
of the loan, and then deed the building to the Institute. 

It was emphasized that, by acceptance of the above recom- 
mendation, the Board authorized the Finance Committee 
to negotiate the necessary loan by the method approved, 
following approval at the February Board meeting of esti- 
mated construction costs. 


(6) Dietert Sand Laboratory 


An offer of Vice-President H. W. Dietert to completely 
equip a “Dietert Sand Laboratory” in the proposed Institute 
building was presented. On motion duly made, seconded and 
carried the Board expressed sincere appreciation ef Mr. Die- 
tert’s generous offer and recommended that the offer be 
accepted by the Institute Trustees. 

In response to question of one Director, it was the con- 
sensus that acceptance of the Dietert offer would not con- 
stitute a bar to acceptance of similar equipment offered 
to the Institute in the future. 


(7) Permanent Institute Financing 


Recommendation of the Finance and Executive Committees 
was presented to permanently finance Institute activities by 
increasing the number of Sustaining Members of AFS, and 
the dues thereof, and by allocation of 60% of Sustaining 
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dues thereafter to the Institute. On motion made, seconded 
and carried, the recommendation was accepted. 

The point was raised that the entire AFS dues structure 
should be reviewed to the end of establishing more equitable 
rates for companies in accordance with tonnages. number 
of employees, or some similar “sliding” scale. On motion made, 
seconded and carried, the President was authorized to appoint 
a Special Dues Committee of the Board to study the AFS 
dues structure in light of this suggestion and the dues 
of other technical-engineering societies, for recommendations 
to the Board meeting in February 1957. President Shipley 
appointed the following Committee: B. L. Simpson, Chair- 
man; L. H. Durdin, R. W. Griswold. 


(8) Interim Institute Financing 

The General Manager pointed out the necessity of pro- 
viding for interim financing of Institute activities (promotion, 
committee meeting expense, Staff expense, engineering analysis 
of construction costs, etc.) until such time as Institute funds 
become available. On motion made, seconded and carried, 
the Board authorized acceptance by AFS of Institute expense 
up to a total of $25,000 for the balance of the current 
fiscal year. 


(9) AFS Institute “Governing Principles" 

A total of 39 “Governing Principles,” intended for guidance 
of Officers, Trustees and Staffs of AFS and the _ Institute 
in their mutual relationships, was presented and discussed 
in detail. It was the consensus that Principle No. 26—Education 
should be revised to provide for educational activities by 
both AFS and the Institute. 

On motion made, seconded and carried, the 39 “Governing 
Principles” as amended were approved by the Board of Direc- 
tors and recommended for similar adoption by the Institute 
Trustees. The 39 Principles are made a part of these 
Minutes, as amended. 


(10) Election of Trustees 

The President pointed out that Institute Trustees, under 
the enabling Resolution adopted, will consist of the AFS 
President, Vice-President, and immediate past President, to 
serve for the term of their respective offices; and four other 
trustees elected by the AFS Board for terms of four years 
each. At the outset, he stated, the four elected Trustees 
would serve terms of one, two, three and four. years, respec- 
tively. 

Following the placing of names in nomination, and on 
motions duly made, seconded and carried, the following were 
declared to be, subject to acceptance, the initial Trustees 
of the AFS Training and Research Institute for terms of 
office as shown: 

B. L. Simpson — term expires May 1957. 

F. W. Shipley — term expires May 1958. 

G. H. Clamer — term expires May 1958. 

H. W. Dietert — term expires May 1959. 

I. R. Wagner — term expires May 1959. 

B. H. Yearley — term expires May 1960. 

H. Bornstein — term expires May 1961. 


(11) Institute Publicity 

In response to question, the President stated that infor- 
mation concerning the Institute and its program need no 
longer be considered confidential, the Directors being free 
to obtain reactions and support of the industry. The General 
Manager was requested to prepare a condensation of the 
66-page Institute proposal and to make copies available to 
the Directors in quantities as may be required. 

A proposed publicity release on the Institute, included 
in the main Institute proposal, was discussed and approved, 
with the understanding that any reference to estimated cost 
of the proposed Institute building would be eliminated. It 
was agreed that the publicity story as revised could be re- 
leased as soon as the elected Trustees have accepted. The 
General Manager stated that the full story of the Institute, 
and Board actions involved, could not be included in the 
December issue of MODERN CASTINGS but would be fea- 
tured in the January issue. At the same time, he said, the 
story would be released to other publications interested. 


(12) Initial Institute Contributions 
The President pointed out that the Institute was already 
“in business” with the offer of H. W. Dietert to completely 
equip a Dietert Sand Laboratory in the proposed new building, 
the initial equipment contribution to the Institute. 
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the President also announced that the first cash contribution 
to the Institute had been pledged by the National Engi- 
necring Co. through past President B. L. Simpson. 


(13) Election of Regional Vice-President 


President Shipley announced that Director O. J. Myers 
had tendered his resignation as Regional Vice-President of 
Region 3, due to assuming a new business connection with 
the Reichhold Chemical Co. in Region 1. Director Myers, 
having previously been requested to obtain recommendations 
of Region 3 Directors for replacement, announced a unani- 
mous recommendation for Director A. V. Martens. On motion 
made, seconded and carried, Director Martens was unanimously 
elected. 


(14) Death of Past President W. H. McFadden 


President Shipley announced with regret the death of 
past President W. H. McFadden on Nov. | at Fort Worth, 
Texas, at the age of 87. He stated that Mr. McFadden, 
donor of the W. H. McFadden Gold Medal of AFS, had lived 
a fabulous life, was instrumental in advancing the interests 
of AFS while serving as President in 1906-07, and had main- 
tained his interest in the Society ever since. The Secretary 
was directed to express the sympathy of the Board to Mr. 
McFadden’s wife and associates, and to spread upon the 
Minutes an expression of the Society’s high regard and 
respect for “Bill” McFadden. 


(15) Petition for Utah Chapter 

The General Manager presented, for Board consideration, 
a petition signed by 83 foundrymen for the formation of a 
new Utah Chapter of AFS, to include the states of Utah, Ari- 
zona, and southern Idaho. He stated that the several adjoin- 
ing Timberline, Southern California and Northern California 
Chapters, notified of the movement, had raised no objections, 
and that Director C. C. Drake, the General Manager and Field 
Director D. J. Hayes had attended the new group's organiza- 
tion meeting held Oct. 31 in Salt Lake City. 

The General Manager stated that the petition met AFS 
requirements for Chapter organization, with a total of 94 
members, including 2C present and 74 new members. With 
the concurrence of Director Drake, he recommended accept- 
ance. On motion duly made, seconded and carried, the Board 
of Directors accepted the petition for formation .of the Utah 
Chapter as the 46th Chapter of the Society. 

On recommendation of Regional Vice-President B. G. Emmett 
and Director Drake, the Board assigned the Utah Chapter to 
AFS Region 5, and to Chapter Group Q (to include Northern 
California, Southern California, and Utah). The General Manager 
was instructed to inform all interested Chapters accordingly. 

There being no further business to be considered, the 
meeting was declared adjourned. 

Approved: 
F. W. SuipLey, President 
Jan. 15, 1957 
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Meeting of 1956-57 Nominating Committee 
Union League Club, Chicago — December 10, 1956 


(1) ROLL CALL: 
Past President B. L. Simpson, presiding 
Past President F. J. Dost 
W. H. Baer 
Lewis T. Crosby 
Eric Welander 
L. N. Shannon 
Hubert Chappie 


(2) Nomination of President 


On motion duly made, seconded and unanimously carried, 
the incumbent AFS Vice-President, Harry W. Dietert, was nom- 
inated President of the Society for the year 1957-58. 


(3) Nomination of Vice-President 
Following submission of names of candidates and on motion 
duly made, seconded and unanimously carried, Lewis H. Durdin, 
President of Dixie Bronze, Inc., Birmingham, Ala., was nomi- 
nated Vice-President of the Society for the year 1957-58. 


(4) Nomination of Directors 

The By-Laws of the Society were read as relating to or- 
ganization of the Board of Directors. The Chairman 
pointed out that the Nominating Committee was expected to 
name six National Directors, each for a term of three years 
commencing May 1957. He stated that, under the AFS Re- 
gional organization, it is the intention of the by-laws that each 
of the 18 Chapter Groups of the Society have constant rep- 
resentation on the AFS Board. He announced that the follow- 
ing Chapter Groups would require consideration by the Nomi- 
nating Committee: Chapter Groups A, B, C, F, J, L, O, Q. 

On motion made, seconded and carried, it was agreed that 
representation for Chapter Groups J and L would be left to 
the Board of Directors to provide, and that the Nominating 
Committee would select nominees only for Chapter Groups 
A, B, C, F, O and Q. 

Candidates submitted by the Chapters being presented, the 
Nominating Committee nominated the following AFS mem- 
bers to serve as National Directors for terms of office as in- 
dicated and representing Chapters, Chapter Groups and_ in- 
dustrial interests as follows: 

Chapter Group A—New England Chapter— 

Henry G. Stenberg, Foundry Supt., Draper Corp., Hopedale, 
Mass.—representing Gray Iron, Brass & Bronze. 

Chapter Group B—Chesapeake Chapter— 

A. A. Hochrein, District Mgr., American Smelting & Refin- 
ing Co., Baltimore, Md.—representing Supplies. 

Chapter Group C—Western New York Chapter— 

Wm. D. Dunn, Asst. to Pres., Oberdorfer Fdrs., Inc., Syra- 


cuse. N. Y.—representing Brass and Bronze, Aluminum 
and Magnesium. 
Chapter Group F—Northeastern Ohio— 
Fred J. Pfarr, Mgr., Lake City Malleable Co., Cleveland— 
representing Malleable Iron. 
Chapter Group O—Tennessee Chapter— 
Karl L. Landgrebe, Jr., Gen. Mgr., Fdy. Div., The Wheland 
Co., Chattanooga, Tenn.—representing Gray Iron. 
Chapter Group Q—Northern California— 
John R. Russo, President, Russo Foundry Equipment Co., 
Oakland, Calif.—representing Equipment. 


(5) General 

The Chairman stated that all names of candidates submitted 
by members of the Nominating Committee and the Chapters, 
and not acted upon by the Committee, would be referred to 
the Board of Directors for consideration in the election of 
one additional Director, as provided in the by-laws. 

It was the consensus that all Chapters submitting candidates 
for Nominating Committee consideration would be urged to 
submit several names each, preferably representing more than 
one industrial interest. To emphasize the point, the Committee, 
on motion made, seconded and carried, made the following 
recommendation for future Nominating procedures: 

THAT, in the event any Chapter submits a single candi- 

date for Nominating Committee consideration, the Commit- 

tee reserves the right to name another member from such 

Chapters, if necessary to provide proper geographical and 

industrial representation on the Board of Directors. 

The Secretary was instructed to bring the above recom- 
mendation to the attention of the Board of Directors, and to 
incorporate it in the Agenda for future meetings of the Nomi- 
nating Committee. 

In the direction of more intelligent procedure, the Nomi- 
nating Committee agreed, without vote, that the Secretary 
should request adequate background data on all candidates 
submitted henceforth by the Chapters for Nominating con- 
sideration. 

The Chairman requested that nominating discussions be held 
in strict confidence by all members of the Committee, and that 
all nominations be considered confidential until acceptances 
have been received and nominations published in MODERN 
CASTINGS, as required by the by-laws. 

There being no further business to be considered, the meet- 
ing was declared adjourned. 

Respectfully submitted, 
Bruce L. Simpson, Chairman 
Nominating Committee 
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Minutes 


Meeting of 1956-57 Board of Awards 
Union League Club, Chicago — December I!, 1956 


(1) ROLL CALL: 
Past President W. B. Wallis, presiding 
Past President E. W. Horlebein 
Past President W. L. Seelbach 
Past President I. R. Wagner 
Past President C. L. Carter 
Past President F. J. Dost 
Past President B. L. Simpson 
Wm. W. Maloney, Secretary 
(2) The Chairman announced that for the first time in a 
number of years, the entire Board of Awards was present. The 
Secretary was requested to extend to Ben D. Fuller, oldest 
living AFS past President since the death of W. H. McFadden, 
the kindest regards of all members in _ session. 


(3) New Awards 


Chairman Wallis called attention to the several awards 
available, as approved by the Board of Directors on recom- 
mendation of the Board of Awards. He stated that the meeting 
should consider candidates for the following award classifica- 
tions: 

Gold Medals—6 medals available, maximum of 3 to be 
awarded in any one year. 

Honorary Life Membership—now limited to retiring Presi- 
dent, Medalists, and Hoyt Memorial Lecturers; maximum of 5 
to be awarded in any one year, automatically. 

Award of Scientific Merit—new award, exclusively a_tech- 
nical citation, maximum of 4 to be awarded in any one year. 

Service Citation—new award, for recognition of AFS service 
primarily of non-technical nature, maximum of 4 to be awarded 
in any one year. 


(4) Number of Awards 


On motion made, seconded and carried, the Board of Awards 
voted to bestow in 1957, three Gold Medals, five Honorary 
Life Memberships, four Awards of Scientific Merit, and three 
Service Citations. 


(5) Gold Medal Awards 


The meeting being opened for recommendations, the Sec- 
retary first presented a list of nominees properly submitted 
in 1956 and previous years. He declared that 1956 nominations 
from the AFS technical Divisions and Committees were un- 
usually meager, and that several nominations received were 
insufficiently supported by data as required in the AFS Awards 
Manual. 

Members of the Board of Awards presented additional nomi- 
nations. After full discussion of all candidates submitted, the 
following motions were made, seconded and unanimously carried, 
recommending to the Board of Directors the awarding of Gold 
Medals of the Society in 1957: 

To Charles C. Donoho (Chief Metallurgist, American Cast 
Iron Pipe Co., Birmingham, Ala.) the Peter L. Simpson 
Gold Medal of AFS “for outstanding contributions to the 
Society and to the Ferrous Castings Industry, especially in 
the fields of Gray Iron, Nodular Iron, and Steel.” 

To Clyde A. Sanders (Vice-President, American Colloid 
Co., Chicago) the John H. Whiting Gold Medal of AFS 
“for outstanding contributions to the Society and the Castings 
Industry in the development and dissemination of funda- 
mental data concerning the use of Foundry Molding Sands.” 

To Johannes C. A. Croning (Croning and Company, 
Hamburg-Altona, Germany) the John A. Penton Gold 
Medal of AFS “for his outstanding contribution to the 
Foundry Industry in the invention of the Shell Molding 
process for production of Metal Castings.” 

On motion made, seconded and carried, nominations for 
1957 Gold Medal awards were closed. 


(6) Honorary Life Memberships 


On motion made, seconded and carried, the Board of Awards 
recommended that Honorary Life Memberships in the Society 
be awarded in 1957 as follows: 

To Frank W. Shipley (Foundry Manager, Caterpillar 

Tractor Co., Peoria, Ill.) on completion of his present term 


of office as President of the American Foundrymen’s Society. 
To Charles C. Donoho as the Peter L. Simpson Gold 

Medalist of 1957. 

To Clyde A. Sanders as the John H. Whiting Gold 

Medalist of 1957. 

To Johannes C. A. Croning as the John A. Penton Gold 

Medalist of 1957. 

The 1957 Hoyt Lecturer, H. Bornstein, having previously 
received (1946) the Wm. H. McFadden Bold Medal and Honor- 
ary Life Membership in AFS, to be honored with an appro- 
priate gift or honorarium. 

On motion made, seconded and carried, nominations for 
Honorary Life Memberships were closed. 


(7) Awards of Scientific Merit 


The purpose of this new AFS award was stated as follows, as 
approved by the Board of Directors: intended ex- 
clusively as a technical citation . . . to recognize (for example) 
outstanding papers, meritorious technical services or effort, and 
development of a process, method or engineering advancement 
having future possibilities. 

The Chairman emphasized the point that granting of an 
Award of Scientific Merit has no bearing on any other AFS 
award; that such awards may be granted whenever a person’s 
accomplishments warrant such recognition; and that the award 
may be granted either before or after receipt of a Gold Medal 
award, Honorary Life Membership, or Service Citation. 

Candidates for this new award having been submitted and 
discussed, the Board of Awards, on motion made, seconded and 
carried, recommended that Awards of Scientific Merit of the 
Society be made in 1957 as follows: 

To Manley E. Brooks (Foundry Engineer, Magnesium 
Dept., Dow Chemical Co., Bay City, Mich.) an AFS Award 
of Scientific Merit “for technical assistance to the AFS Light 
Metals Division since its inception, and to the Castings 
Industry, especially in the field of Magnesium Alloys.” 

To Richard W. Heine (Associate Professor of Mining and 
Metallurgical Engineering, University of Wisconsin, Madison, 
Wis.) an AFS Award of Scientific Merit “for valuable 
assistance to AFS research on Malleable Cast Iron, as 
relates to the effect of melting conditions on metal behavior.” 

To Walter R. Jaeschke (Consulting Metallurgical Engineer, 
Whiting Corporation, Harvey, Ill.) an AFS Award of Scientific 
Merit “for substantial contributions to the development of 
cupola and air furnace melting of Malleable Iron, and to 
broader foundry knowledge of Refractories.” 

To Dr. Arthur E. Schuh (Director of Research and 
Development, United States Cast Iron Pipe Co., Burlington, 
N. J.) an AFS Award of Scientific Merit “for conscientious 
effort in AFS Cupola Research investigations, and in develop- 
ment of the Society’s basic ferrous publication, “The Cupola 
and Its Operation.’ ” 

On motion made, seconded and carried, nominations for 
1957 Awards of Scientific Merit were closed. 


(8) AFS Service Citations 


The purpose of this new AFS award was stated as follows, 
as approved by the Board of Directors: “. . . intended exclu- 
sively as recognition for outstanding general service, 
primarily of a non-technical nature, to the Society and the 
castings industry.” 

The Chairman emphasized the point that granting of a 
Service Citation has no bearing on any other AFS award; 
that such citations may be granted whenever a person’s ac- 
complishments warrant such recognition; and that the award 
citation may be granted either before or after receipt of a 
Gold Medal award, Honorary Life Membership, or an Award 
of Scientific Service. 

Candidates for this new award having been submitted and 
discussed, the Board of Awards, on motion made, seconded 
and carried, recommended that Service Citations be made by 
the Society in 1957 as follows: 

To Thomas E. Barlow (Sales Manager, Eastern Clay 

Products Dept., International Minerals & Chemicals Corp., 

Chicago) an AFS Service Citation “for unstinting service to 
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the Society and its Chapters as a speaker on Molding Sands 
and Cupola Operations, and for his ready willingness to serve 
whenever called upon.” 

To Horace A. Deane (Vice-President, Campbell, Wyant & 
Cannon Foundry Co., Muskegon, Mich.) an AFS Service 
Citation “for conscientious service to the Society and the 
Castings Industry, especially in the encouragement of young 
men toward foundry work.” 

To Vincent Delport (European Representative, Penton Pub- 
lishing Co., London, England) an AFS Service Citation “for 
distinguished service to the Society as its European Repre- 
sentative, especially in connection with the International 
Foundry Congresses.” 

On motion made, seconded and carried, nominations for AFS 
Service Citations were closed. 

(8) Finances 

Following analysis of Award Funds, it was the consensus 
that additional investments need not be made at this time, the 
Secretary having authorization to reinvest increments of $1000 
or more as accrued, beyond a maximum of $1500 cash re- 
serves felt desirable for annual awards expense. 

(9) Presentations 

It was agreed that Gold Medals and Life Memberships 
again should be presented at the Annual Banquet of the 
Society during the 1957 Convention, that all presentations 
would be made by the Chairman of the Board of Awards, 
and that histories of all recipients would be printed in the 
Banquet program with each recipient receiving a_leather- 
bound copy thereof. 

It was agreed, because of time limitations on the Society’s 
Annual Banquet, that Awards of Scientific Merit and Service 
Citations would be presented in 1957 at the Annual Business 
Meeting. 
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(10) Notifications 

It was agreed that recipients of all 1957 awards would be 
notified over the signature of the Chairman of the Board of 
Awards, with no publicity of any kind to be given Board of 
Awards recommendations until after prior release by the 
Society following letter ballot approval by the Board of Di- 
rectors. 

(11) General 

The Secretary was requested to bring the present Awards 
Manual up to date as to all awards and recognitions, for ap- 
proval by the Board of Awards and Board of Directors, so 
that conditions of the Awards Manual may be made known 
to all AFS bodies requested to submit nominations. The Sec- 
retary was urged to develop means of inducing more nomina- 
tions and adequate data on all candidates submitted. 

It was the consensus that the 1957 meeting of the Board of 
Awards would be held following the meeting of the 1957 
Nominating Committee, both meetings to avoid the meeting 
dates of the National Association of Manufacturers. 

It was the consensus of the past Presidents attending the 
1956 meeting that, because of their constant interest in AFS, 
they would appreciate being kept more fully informed of 
Society activities to which they might give their assistance and 
support. Chairman Wallis was asked to develop the possibility 
of an annual meeting of past Presidents and their wives, at a 
time other than during the Annual Convention, with the AFS 
Secretary invited to present a report on current programs and 
projects of the Society. 

There being no further business to be considered, the meet- 
ing was declared adjourned. 
Respectfully submitted, 
W. B. Watts, Chairman 
Board of Awards 
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Meeting of AFS Board of Directors 


(1) ROLL CALL: 


President F. W. Shipley, presiding 
Vice-President H. W. Dietert 


Directors (exp. 1958) 
H. C. Erskine 
C. W. Gilchrist 
O. J. Myers 
C. E. Nelson 
R. W. Trimble 


Directors (exp. 1957) 
L. H. Durdin 
W. H. Hamilton 
W. A. Morley 
B. L. Simpson 
H. L. Ullrich 


Directors (exp. 1959) 
H. Heaton 
A. V. Martens 
G. R. Rusk 


Wm. W. Maloney, General Manager 
S. C. Massari, Technical. Director 
A. B. Sinnett, Assistant Secretary 
Absent: Directors F. C. Cech, B. G. Emmett, E. R. Oeschger, 


C. C. Drake, R. A. Oster, R. W. Griswold, G. P. Phillips, 
A. W. Pirrie. 


(2) Reading and Approval of Minutes 
A quorum having been established, President Shipley an- 
nounced that minutes of the Board of Directors meeting held 
\ug. 2-3, 1956, and minutes of the Board of Awards meeting 
held Dec. 11, 1956, had been approved by letter ballot. 
Minutes of the Executive Committee meeting held Nov. 15 
and Board of Directors meeting held Nov. 16, 1956, were read 


and on motion made, seconded and carried, were approved. 


(3) Recommendations Re Training and 
Research Institute 
H. Bornstein, as Chairman of the AFS Training and Re- 


Grand Hotel, Point Clear, Ala. — February 25-27, 1957 


search Institute Trustees, was invited to present a personal 
report on Trustee recommendations, as follows: 

“The Institute Trustees met at Point Clear, Ala., on Feb- 
ruary 24, 1957, with all Trustees present. The following actions 
were adopted by unanimous vote: 

“(1) S. C. Massari was appointed Director of the Institute. 

“(2) The Director of the Institute was instructed to em- 
ploy, as soon as possible, a qualified educator to serve as 
Supervisor of Training. 

“(3) A committee was appointed comprising Trustees Simp- 
son, Yearly and Bornstein to investigate and study plans for an 
Institute building. The committee, in cooperation with the 
Director of the Institute, will select an architect to make 
preliminary plans. The committee is to report to the Institute 
Trustees within three months. 

“(4) The several training courses in Industrial Engineering, 
Foundry Sands, and Cupola Melting of Ferrous Metals are 
to be given during the year 1957. 

“(5) The Trustees request that the AFS Board of Directors 
transfer to the Institute an amount of $25,000 to defray In- 
stitute expenses for the period ending June 30, 1958. The 
Institute Treasurer was instructed to invest Institute funds in 
accordance with recommendations to be made by Harris Trust 
and Savings Bank, Chicago. 

“(6) The Trust Agreement between AFS and the Institute 
was approved and signed by all the Trustees.” 

Following the report, motion was made, seconded and car- 
ried, approving the immediate hiring of a Supervisor of Train- 
ing for the Institute to complete coordination of intermediate 
training courses planned at Detroit, Milwaukee and Chicago. 

The request of the Trustees for $25,000 working capital to 
defray Institute expenses for the period ending June 30, 1958, 
was discussed at length. It was pointed out that AFS is operating 
in 1956-57 on-a net expense basis and that $25,000 in cash 
could only be provided by disrupting the Society’s Invest- 
ment Agent Trust, and that the Board of Directors agreed 
Nov. 16, 1956, to accept interim Institute expense to a total 
of $25,000 until further notice. Final decision on actual transfer 











of funds to the Institute account was tabled until the meeting 
of the Board of Directors on May 7, pending consultation with 
the Harris Trust concerning effect on the AFS Investment 
Agent Trust. 

On this basis, motion was made, seconded and carried ac- 
cepting the recommendations of the Trustees and making 
same a part of these minutes. 


(4) Report of the General Manager 

Membership. Total membership 13,101 on January 31, a net 
gain of 613 members or 4.9%, over the total of 12,488 on June 
30, 1956, and 399 below the year’s target of 13,500 members. 

Chapters. No. 46, the Utah Chapter, installed January 21 by 
the President and General Manager with approximately 100 
paid members. 

The General Manager reported the request of two Chapters 
to have their assigned membership expiration dates changed 
so as to make a better showing on target reports presented at 
the annual Chapter Officers Conference. Following discussion, 
motion was made, seconded and carried that expiration dates 
as now set up be not changed without specific Board approval. 

Castings Congress. Technical program for the 61st technical 
Congress in Cincinnati well advanced, with most Divisions 
“slanting” their programs toward attendance at the Ist En- 
gineered Castings Show. 

Under authority of the Finance Committee, registration fee 
of $2.00 to be charged all attending, because of the relative 
impossibility of separating members and non-members in con- 
junction with the Engineered Castings Show. It was the con- 
sensus that this arrangement was preferable to charging sep- 
arate rates for members and non-members. 

Education. Work of the Education Division pin-pointed more 
clearly this year, confined to four main activities: Apprentice 
Contests, Foundry Instructors Seminar, Chapter News Releases, 
and preparation of a “Guide to Secondary School Instructors.” 
Apprentice Contest entries totaled 565 or approximately 100 
more than in 1956, making the 1957 contest the largest de- 
veloped to date. 

Outline program presented for the Foundry Instructors Sem- 
inar, June 20-22, as approved by the Education Division, again 
to be held at Michigan State University. 

Safety, Hygiene & Air Pollution. Attention called to publica- 
tion of the Dust Control and Ventilation Manual and the “Air 
Pollution Manual.” A new Safety Manual also completed, avail- 
able in April. Manuals on welding hazards, noise control, and 
radiation protection scheduled for completion during 1957. 

Special commendation was given the work of SH&AP Director 
Weber with Chapter air pollution problems, especially at 
Toronto, Vancouver and Portland, Ore. The Director also met 
with air pollution authorities of New York State, alerted the 
Pennsylvania Chapters to a newly-proposed air pollution law, 
and represented AFS on zoning ordinance hearings in Chicago. 

On motion made, seconded and carried, Secretary was in- 
structed to prepare a financial statement of SH&AP income 
and expense to date, to be sent all contributors to the SH&AP 
Fund, calling special attention to the engineering manuals 
available. 


(5) Report on Engineered Castings Show 

The General Manager reported 83 individual space applica- 
tions, representing approximately 18,000 sq. ft. of floor space 
for the Engineered Castings Show in Cincinnati. The 95 com- 
panies involved represent: 63 Foundries, 5 Patternmakers, 7 Lab- 
oratory Equipment firms, 20 Metals and Alloys firms. While 
expressing some disappointment over the size of this first Show, 
the General Manager stated that the exhibit would be entirely 
representative of the best of the industry. Reasons for a lesser 
number of exhibitors included: 

(a) A “first-time Show” is more difficult to sell. 

(b) Competition from the Design Engineering Show, to be 
held in New York, two weeks following the AFS Show. 

(c) Failure to accept the fact that AFS is obligated to 
develop the specialized audience required by exhibitors at the 
Show. 

(d) Traditional concentration of the industry on production, 
to virtual exclusion of market sales promotion activities. 

(e) Absence of primary suppliers of castings to the auto- 
motive industry, the largest design-users of castings in the 
country. 

(f) An early “whispering campaign” that the technical pro- 
gram for the Castings Congress would be solely of interest to 
foundrymen and not to engineers. 

(g) In spite of strong audience promotional efforts, contin- 
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ued belief by many that “there would be no point in exhibit- 
ing to other foundrymen.” 

The General Manager stated that the manner in which the 
AFS Technical Divisions “slanted” their programs toward the 
purposes of the Engineered Castings Show was a remarkable 
tribute to the technical men of the Society. He stated that no 
Convention and Exhibit of interest to industrial design engi- 
neers had ever developed a program approaching the interest 
and value of the technical papers arranged for Cincinnati; that 
through correspondence inserts, magazine ads, ad reprints, reg- 
istration aids, exhibitor helps, publicity releases, and direct 
mail pieces, over 600,000 separate approaches were being made 
to attract design engineers and castings buyers to the Engi- 
neered Castings Show. 

The Board was requested to reconsider location of the 1959 
Castings Congress and Engineered Castings Show, in terms of 
available exhibit facilities and exhibitor potentials based on 
location. Following discussion, the General Manager was au- 
thorized, on motion made, seconded and carried, to negotiate 
further for a Castings Congress and Engineered Castings Show 
in 1959 at a location which would make possible a show of 
maximum size. 


(6) Report on Technical Activities 

The Technical Director reported the Convention program 
nearing completion with 70 to 80 technical papers‘on the gen- 
eral theme of providing special information for design en- 
gineers and castings buyers. He presented an outline program 
of the Convention sessions for information of the Directors. 

Due to sales promotion, Special Publication sales for 7 
months totaled $29,191 compared with $23,500 forecast. Pre- 
publication sales of TRANSACTIONS greater than in any pre- 
vious year, and $8,100 in pre-publication sales of the “Cast 
Metals Handbook” on record. 

Research projects reported on Brass and Bronze, Heat Trans- 
fer and Light Metals Divisions. Assurance given that $30,000 
will be available from the U. S. Ordnance Corps to continue 
Light Metals Research at Battelle. Current Malleable Iron 
project has been completed. Steel research on “Cermet” tem- 
porarily stopped pending a complete review of progress. 

Board approval was requested for changing the name of the 
Gray Iron Division to “Gray Iron and Nodular Iron Division.” 
Several Directors expressed the opinion that the term “ductile 
iron” was preferred over “nodular iron” and that the producers 
of ductile iron were opposed to being combined with the 
Gray Iron Division because of the inherent nature of the 
product. Following discussion, it was agreed that a survey of 
ductile iron producers would be made by Director Gilchrist and 
the Technical Director to organize a meeting of such producers 
to consider development and support of a separate “Ductile 
Iron Division” of the Society. 


(7) Report of Chapter Contacts Committee 

Vice-President Dietert, as Chairman of the Committee, polled 
Directors for Chapter contacts made to date, urging early con- 
tacts and continued assistance for Chapter programs. It was 
suggested that a committee of Chapter Officers be urged to 
develop a “Code of Good Conduct” for Chapter activities and 
speakers. 

(8) Report of Special Committee on 
Publications Pricing 

Final report of the Special Committee on Publications Pricing, 
presented by Director Morley: 

(a) In order to increase the amount of out-of-pocket ex- 
pense, certain items that have been included in so-called over- 
head costs would now be considered as out-of-pocket expense, 
and to all out-of-pocket expense would be added the present 
standard amount of burden. This would increase the total cost 
of each item without change in formula, such change of formula 
requiring considerable Board action. 

(b) The Staff will set up a system of collecting more de- 
tailed information as to the cost of materials and labor, par- 
ticularly in the case of publications produced at the Central 
Office. This information will assist in giving figures to be used 
as a basis for establishing the percentage breakdown of salary 
and burden to be applied against General and Special pub- 
lications. 

(c) An attempt will be made to increase the number of 
publications produced at the Central Office. 

On motion made, seconded and carried, the committee’s re- 
port was accepted and the committee discharged with thanks. 


(9) Report on Formation of Die Casting Division 


Director Nelson agreed to prepare a list of men in repre- 
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sentative die casting companies to be contacted by the Central 
Office for opinion on and participation in the Die Casting 
Division, previously approved by the Board on the basis of 
developed interest. It was hoped that a meeting of those in- 
terested in such a Division could be held at an early date and 
the results reported to the Board for further action. 


(10) Report of Special Committee on Dues 

Director Simpson, as Chairman of a special Board Committee 
on Dues, presented an unanimous recommendation of his com- 
mittee that no change be made in the AFS dues structure at 
this time. On motion made, seconded and carried, the recom- 
mendation was approved. 

Board discussion ensued concerning the holding of member- 
ships by Exhibitors at AFS Exhibits, AFS policy concerning 
Chapter dues refunds, and the holding of Personal, Company 
and Sustaining memberships by various organizations receiving 
major benefits from the Society. Director Simpson stated that 
his committee would give these matters further consideration 
toward possible recommendations at the meeting of the Board 
on May 7. 


(11) AFS Representation of FEF 
President Shipley pointed out the necessity of appointing an 
AFS Director as a Trustee of FEF for the period 1957-1959, to 
serve with Director Myers (1956-1958) and to replace Director 
Durdin (1955-1957). On motion made, seconded and carried, 
Director Martens was unanimously approved. 


(12) Appointment of Director for Unexpired Term 

President Shipley stated that the resignation of Director R. V. 
Righter necessitated filling the vacancy for the unexpired 
term of office, and that the Central Indiana Chapter had 
nominated several possible candidates. On motion made, 
seconded and carried, C. E. Drury, Plant Manager, Central 
Foundry Div., GMC, Danville, Ill, was appointed a National 
Director for the unexpired term of office. 


(13) Election of Director for 3-Year Term 1957-1960 
President Shipley stated that, under the By-Laws, the Boarl 
has the obligation to elect one National Director a year for 
a three-year term, and that for this purpose he had ap- 
pointed a Board Nominating Committee comprising Vice-Presi- 
dent Dietert as Chairman, Directors Durdin and Nelson. Chair- 
man Dietert placed in nomination the name of Allen M. 
Slichter, President of Pelton Steel Casting Co., Milwaukee. On 
motion made, seconded and unanimously carried, nominations 
were declared closed and Mr. Slichter was unanimously elected. 


(14) Resignation of AFS Retirement Plan Trustees 

The President stated that the AFS Retirement Plan is ad- 
ministered by four members of the Society who serve until 
resignation, death or removal, and that the following Trustees 
had served since the plan was established: Chairman B. L. Simp- 
son, H. Bornstein, F. W. Shipley, R. L. Lee (Grede Foundries) . 
The President announced that Trustees Simpson and Bornstein 
desired to be relieved of their capacities. 

Names of possible replacement candidates being placed in 
nomination, on motion made, seconded and carried, the fol- 
lowing were unanimously approved: Collins L. Carter, presi- 
dent, Albion Malleable Iron Co., Albion, Mich., R. S$. Hammond 
Vice-President, Whiting Corp., Harvey, Ill. 

(15) Approval of AFS Institute Trust Agreement 

President Shipley stated that the formal Trust Agreement 
between the Society and its Training and Research Institute 
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had been forwarded to all Directors for study prior to the 
meeting. No questions or objections being raised, the President 
requested approval. On motion made, seconded and carried, the 
AFS-Institute Trust Agreement was approved and signed by the 
President on behalf of the Board of Directors. 


(16) Revision of Institute "Governing Principles" 

The General Manager recalled that “Governing Principles” 
for operations between AFS and the Training and Research 
Institute had been previously approved by the Board of Di- 
rectors in meeting Nov. 16, 1956. He stated that revisions had 
been approved by the Institute Trustees in meeting Dec. 21, 
1956, and requested approval of the Board, as follows: 

(Revision) No. 26. Educational activities shall be carried on 
jointly by AFS and the Institute on a mutually agreeable ex- 
pense-sharing basis. Institute functions: Training Center, 
Foundry Instructors Seminar, Summer Short Courses, Regional 
Technical Councils, and Scholarships. AFS functions: Chapter 
educational activities, Apprentice Contests, promotional litera- 
ture, etc. 

(New) No. 40. Educational Division. Because of the insepar- 
able interest of the AFS Education Division in educational 
functions of the Institute, the incumbent Chairman of the 
Education Division shall be invited to attend and participate in 
all meetings of the Institute Board of Trustees as a member 
ex officio. 


(17) Election of Regional Vice-Presidents 1957-58 

President Shipley stated that it was the custom to organize 
the Board for the coming fiscal year at the time of the Con- 
vention Board meeting, and that elections would be on the 
recommendations of the Directors within their respective Re- 
gions. He requested all Regional Vice-Presidents to contact 
holdover and incoming Directors for such recommendations, 
for election at the May 7 meeting. 


(18) Recommendation of Nominating Committee 

The General Manager presented for Board approval the fol- 
lowing recommendation of the Nominating Committee for guid- 
ance of future committees: 

“THAT, in the event any Chapter submits a single candidate 
for Nominating Committee consideration, the Committee re- 
serves the right to name another member from such Chapter, 
if necessary, to provide proper geographical and _ industrial 
representation on the Board of Directors.” 

On motion made, seconded and carried, the recommendation 
was approved as a Resolution of the Board of Directors, and 
the General Manager instructed to so inform future Nominat- 
ing Committees. 


(19) Death of Past President Duncan P. Forbes 
President Shipley announced with regret the death of Past 
President Duncan P. Forbes, Chairman, Gunite Foundries, Inc., 
Rockford, Ill., on Feb. 15, 1957. He stated that Duncan Forbes, 
who served as President of the Society in 1942-43, had been ill 
for several years but had attended the Convention and Alumni 
Dinner in Atlantic City in 1956. The Secretary was directed to 
express the sympathy of the Board to Mrs. Forbes and to his 
associates, and to spread upon the minutes an expression of the 
Society’s highest regard and respect for Duncan Forbes. 
There being no further business to be considered, the meet- 
ing was declared adjourned. 
Approved: 
F. W. Suipcey, President 
April 19, 1957 
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Minutes 
Meeting of AFS Board of Directors 
Netherland Hilton Hotel, Cincinnati — May 7, 1957 


(1) ROLL CALL: 
President F. W. Shipley, presiding 
Vice-President H. W. Dietert 
Directors (Exp. 1957) Directors (Exp. 1959) 
F.C. Cech R. W. Griswold 
L. H. Durdin A. V. Martens 
B. G. Emmett A. W. Pirrie 
W. M. Hamilton C. E. Drury 
W. A. Morley G. R. Rusk 
B. L. Simpson Incoming Directors (Exp. 1960) 
H. L. Ullrich W. D. Dunn 
Directors (Exp. 1958) A. A. Hochrein 
C. C. Drake K. L. Landgrebe, Jr. 
C. W. Gilchrist F. J. Pfarr 
O. |. Myers J. R. Russo 
C. E. Nelson A. M. Slichter 
R. W. Trimble H. G. Stenberg 
Wm. W. Maloney. General Manager 
A. B. Sinnett, Asst. Secretary 
Absent: Directors E. R. Oeschger, H. C. Erskine, R. A. Oster, 
H. Heaton, G. P. Phillips. 


(2) Reading and Approval of Minutes 

President Shipley welcomed the newly elected Directors and 
invited all to participate freely in Board discussions. He com- 
mented particularly on the 100% attendance of the seven 
new Directors. 

A quorum having been established, minutes of the Board of 
Directors Meeting held Feb. 25-27, 1957, were read and approved 
on motion duly made, seconded and carried. 

It was requested that “Governing Principles” of the Training 
& Research Institute be sent to all new Directors. It was re- 
quested that a report on the SH&AP Control Program be sent 
to all Company and Sustaining members and to all contributors 
to the program fund, showing total contributions, expenses and 
accomplishments to date, and stressing the availability of man- 
uals developed by the program. Purpose: to demonstrate how 
AFS has discharged to date the obligations it assumed in solicit- 
ing industrial support. 


(3) Report of the General Manager 

Membership on April 30 was 13,193 or 307 below the fiscal 
year “Target” 13,500. Nineteen Chapters made individual year’s 
goals. Members dropped 1547, of which 50% or 792 reinstated, 
net loss 755. 

No new Chapters in process. “Modern Castings” advertising 
holding up fairly well, but total for year probably below 
budget of pages and gross. Castings Congress and Engineered 
Castings Show: universally attractive displays, high caliber at- 
tendance, exhibitor reactions apparently satisfactory (to be 
tested after Show), strong attendance of foundry management. 
Recommended second Castings Show in 1959. 


(4) Report of the Treasurer 

For 10-month period July 1956-April 1947: Income Actual 
$592,129, Forecast $616,720 . . . Expense Actual $624,460, Fore- 
cast $633,833 Excess Expense Actual $32,330, Forecast 
$16,113. 

Engineered Castings Show: Income $53,682 or $16,317 below 
budgeted $70,000. Detailed report presented on Show promotion 
and reasons why fullest acceptance not materialized. 

Forecast for fiscal year: Excess Expense at least $73,000 as 
budgeted, possibly $80,000-$85,000 . . . due mainly to gross 
from “Modern Castings” and Castings Show being less than 
budgeted. 


(5) Report on AFS Training & Research Institute 

Report presented by H. Bornstein in person, chairman of 
Institute Trustees, embracing decisions of Trustees meeting 
held May 7, as follows: 

(a) Agreed that proposed Institute building should be in- 
stitutional type, not requiring installation of cupola or similar 
equipment objectionable to area, and to be built on present 
AFS land in Des Plaines. 

(b) Granted authority to Institute Building Committee and 
AFS Staff to select an architect, prepare drawings and specifica- 
tions; to spend a2 maximum of $7,000 for architect fees with 


understanding that such fee to be part of final total fee o1 
architect if building is constructed. 

(c) Requested the Building Committee and Staff to study 
available land for parking and future expansion, to make recom 
mendations to AFS Board on acquisition for future expansion 
purposes of AFS, and possible future use for additional parking 
area. 

(d) Prepared and approved budgets for 1957-58 and 1958-59, 
both years in same amount of $25,000. Research to be con- 
ducted by the Institute through transfers of funds from AFS 
as required. 

(e) Agreed that 1957 Foundry Instructors Seminar would be 
sponsored by AFS and Educational Division, future Seminars to 
be an Institute and Education Division activity. 

(f) Agreed that Messrs. Bornstein, Dietert and Maloney 
would personally visit Thos. W. Pangborn to acquaint him with 
Institute developments as evidence of continued AFS interest in 
the Pangborn Scholarship Grant. 

(g) Approved Training Course plans, outlines, and fees of 
courses to be sponsored in 1957. 

(h) Agreed that, for the present, the Institute should not 
undertake giving short courses at the Chapters. Agreed that the 
H. W. Dietert Co. should continue during 1957-58 their sand 
courses at the Chapters, with the express understanding that 
such courses would not interfere or conflict with T&RI Courses 
as to dates and locations. The Institute Director was requested 
to notify the Dietert company accordingly. 

(i) The Institute Secretary stated that Northwestern Uni- 
versity was discontinuing its foundry laboratory, and suggested 
that the Institute might seek the equipment there as a dona- 
tion. The Trustees authorized Messrs. Simpson and Massari to 
negotiate with the University accordingly. 

(j) The following Institute committees were appointed by the 
Chairman of Trustecs: 

Building Committee: B. C. Yearley, Chairman; H. Bornstein, 
B. L. Bevis, F. W. Shipley. 

Finance Committee: L. H. Durdin, Chairman; H. Bornstein, 
H. W. Dietert, Wm. W. Maloney. 

Research Committee: R. F. Thomson, H. Bornstein, S. C. 
Massari. 

(k) The Institute Treasurer presented a brief financial re- 
port showing Institute Income $7,500.00 and Expenses $681.77 
to April 30, 1957. It was agreed that, when possible, Institute 
financial reports should include statements of Income & Ex- 
pense, Balance Sheet, and an annual statement showing di- 
vision of AFS and Institute expense. 

(1) The Chairman announced the next meeting of Trustees 
for July 22, in Chicago, immediately preceding the meeting of 
the AFS Finanace Committee on July 23-24. 


(6) Report of Committee on Dues Revision 

Chairman Simpson reported on discussions of the Board 
Committee on Dues Revision. The committee recommended 
that no change in dues should be made at this time, in view 
of existing business conditions, but that the question of AFS 
member dues should be continuously studied. The committee 
then recommended the following for further study: 

(a) That only AFS member firms should be allowed to ex- 
hibit at future Exhibits sponsored by the Society. 

(b) In an effort to remove existing “inequities,” that Com- 
pany memberships might be of three classes, with dues as fol- 
lows: 

Class C—$20 Dues for plants with under 20 employees. 

Class B—$75 Dues for plants with 21 .to 50 employees. 

Class A—$100 Dues for plants with 51 to 100 employees. 

Over 100 employees-—Sustaining Membership only, with 
dues $300 annually. 

(c) That personal memberships as now defined in AFS by- 
laws might be eliminated, except for Educational and Govern- 
mental employee memberships with dues of $10.00 annually, as 
now. 

(d) That Chapter dues refunds should be given careful 
study on the basis of existing need of both Chapters and AFS 
activities. 

(e) That a Committee on Dues Analysis be made a con- 
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nuous activity of the Board, to complete studies begun and 
resolve appropriate actions to be taken. 

(f) That all Chapters be chartered under a “Code of 
Ethics,” to be developed by committees of the Chapter Of- 
ficers Conference. 

The committee’s report was accepted on motion made, sec- 
onded and carried, and the committee discharged with the 
thanks of the Board for its work. 


(7) Location of 1959 Engineered Castings Show 

The General Manager recalled Board action to hold the 
1959 Engineered Casting Show in Boston, and his previous re- 
quest for reconsideration. He recommended that the 1959 
event be held in Chicago, in the center of the castings indus- 
try, sO aS to assure greater exhibitor participation and attend- 
ance. He also recommended that the 1961 Castings Show be 
held in Boston, probably in the new Civic Auditorium to be 
constructed there. 

On motion made, seconded and carried, the Board author- 
ized the General Manager to negotiate with the New England 
Chapter and Boston Convention Bureau and hotel officials to 
reschedule the Castings Shows of 1959 and 1961, and agreed 
to the plan providing all concerned are agreeable. 

(8) Proposed Die Casting Division 

The Technical Director reported progress in development of 
a Die Casting Division, previously approved by the Board. Di- 
rector Nelson reported favorably on a suggestion to create a 
Metal Mold Division to include both die casting and perma- 
nent mold activities. It was agreed that Messrs. Nelson and 
Massari would endeavor to call a fall meeting of those interested 
to explore the possibilities. 

(9) Proposed Ductile Iron Division 

Director Gilchrist reported on results of a questionnaire 

mailed to ductile iron producers, requesting opinions on for- 
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mation of an AFS Ductile Iron Division. He stated that 62 
replies were received out of 100 approached, all replies express- 
ing strong favor. He stated that the nature of the ductile iron 
product is such as to make feasible an activity separate from 
that of the Gray Iron Division. 

Following discussion, it was agreed that the Technical Direc- 
tor and Director Gilchrist would collaborate toward a meet- 
ing in Chicago of ductile iron founders so as to prepare defi- 
nite recommendations to the Board. 

(10) Appointment of Auditor 

President Shipley, in accordance with the by-laws, stated 
that he was appointing George V. Rountree & Co., Chicago, to 
audit the Society's financial books as of June 30, 1957. In do- 
ing so, he stated that his action should properly be an action 
of the Board of Directors, rather than of the President alone, 
and recommended that the by-laws so state when next revised. 


(11) Recommendations of Retiring President 

Before stepping down as President during 1956-57, President 
Shipley expressed his deep appreciation for the cooperation 
given him by the Board during his term of office. He also 
presented for consideration of the 1957-58 Board, the following 
recommendations: 

(a) Retain and fortify the work of the Field Membership 
Director with the Chapters. 

(b) Continue and strengthen the Chapter Contacts activity 
of the Regional Vice-Presidents and Board. 

(c) Develop strong industry support for the Training and 
Research Institute Courses, aided by the enthusiastic support 
of all Directors. 

There being no further business to be considered the meet- 
ing was declared adjourned. 

Approved: 
F. W. Surpcey, President 
July 23, 1957 
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AFS Training and Research Institute Trustees 
Union League Club, Chicago — December 21, 1956 


(1) ROLL CALL: 
F. W. Shipley (exp. 1958) —Chairman pro tem. 


H. W. Dietert (exp. 1959) 
I. R. Wagner (exp. 1959) 
H. Bornstein (exp. 1961) 


L. H. Durdin, Vice-President nominee 1957-58 
Wm. W. Maloney, AFS General Manager 

S. C. Massari, AFS Technical Director 

A. B. Sinnett, AFS Assistant Secretary 

W. H. Alexander, AFS Attorney 

ibsent: Trustees B. L. Simpson, G. H. Clamer. 

A quorum having been established, Chairman Shipley stated 
that he was acting only until election of a Chairman by the 
rrustees. 

(2) Election of Officers 

The meeting being opened for nominations, the name of 
H. Bornstein was placed in nomination as permanent Chairman 
to serve until May 1958. On motion made, seconded and carried, 
nominations were declared closed and Mr. Bornstein elected 
permanent Chairman by acclamation. 

The name of Trustee Shipley was placed in nomination as 
Vice-Chairman. On motion made, seconded and carried, nomina- 
tions were closed and Mr. Shipley elected Vice-Chairman unani- 
mously. 

Chairman Bornstein took over the chair as presiding officer 
and expressed the consensus that the Secretary-Treasurer of 
AFS should act in like capacity for the Institute, for admin- 
istrative harmony. On motion made, seconded and carried, 
Wm. W. Maloney was elected Secretary-Treasurer of the Insti- 
tute. 

(3) Terms of Office 

The Chairman requested that terms of office of Institute 

lrustees, particularly of initial Trustees, be permanently clari- 


fied in the Minutes. On motion made, seconded and carried, 
it was agreed: 

(1) That terms of office of elected Institute Trustees shall 
expire on the day following the close of the Annual Meeting of 
AFS; 

(2) That terms of office of initial Institute Trustees shall 
also include the period Dec. 21, 1956, to May 11, 1957; 

(3) That terms of office of elected Trustee officers of the 
Institute shall run concurrently with Trustee terms of office, 
except that initially elected officers shall serve for the period 
Dec. 21, 1956, to May 24, 1958. 

(4) That the fiscal year of the Institute be July 1-June 30, 
inclusive, concurrent with the AFS fiscal year. 

(4) Approval of Minutes 

Mr. Alexander stated that approval of minutes of all meet- 
ings of Institute Trustees, because of the intended nature of 
the Institute as a tax-exempt organization, should be by each 
Trustee individually, as follows: (a) by personal signature on 
a card accompanying the Minutes as submitted and (b) by 
personal signature on a single, permanent set of Official Min- 
utes at the first Trustees meeting held thereafter. So ordered. 

It was agreed that minutes of the present meeting would be 
sent to absent Trustees together with a copy of the meet- 
ing Agenda, for information purposes. So ordered. 

(5) Bank Resolutions 

Mr. Alexander stated that any Bank Resolution, by which 
one or more Institute officers may be empowered to sign 
checks for withdrawal of deposited Institute funds, must be 
signed by a majority of the elected Trustees (preferably, by all 
Trustees). So ordered. 

(6) Rules of Operation 

It was the consensus, concurred in by Mr. Alexander, that 
formal by-laws for operation of the Institute were unnecessary 
and that, instead, a set of “Operating Rules” should be drawn 
up and approved by the Trustees. 
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(7) Approval of Trust Agreement 

The enabling Resolution approved unanimously by the AFS 
Board of Directors on Nov. 16, 1956, by which the AFS 
Training and Research Institute was created, was reviewed in 
detail as background for the Trust Agreement. It was pointed 
out that the Trust Agreement, prepared by Mr. Alexander, 
could not be submitted to or approved by the AFS Board of 
Directors prior to meeting scheduled Feb. 25-27, 1957. 

The proposed Trust Agreement then was read, discussed, re- 
vised and unanimously approved by the Trustees on motion 
duly made, seconded and carried. The revised Trust Agreement 
to be submitted to the AFS Board of Directors for final ap- 
proval, is appended and made a part of these Minutes. 

The nature and extent of personal obligations and liabilities 
of Institute Trustees was carefully explained by Mr. Alexander. 
Since it is the intention of all concerned that the AFS Training 
and Research Institute be qualified as a tax-exempt organiza- 
tion under Section 501 (c) (3) of the U. S. Internal Revenue 
Code of 1954, the Trustees requested that a copy of such Sec- 
tion be appended to each Trust Agreement when signed by the 
Trustees. So ordered, and also made a part of these Minutes, 
appended. 

(8) "Governing Principles" 

The 39 “Governing Principles” concerning related activities 
of AFS and the Institute were considered in detail as approved 
and recommended by the AFS Board of Directors. It was agreed 
that “Governing Principle” No. 40—Education Division should 
be added, to provide that the incumbent Chairman of the AFS 
Education Division “shall be invited to attend and partici- 
pate in meetings of the Institute Trustees.” 

On motion made, seconded, and carried, 39 Governing Prin- 
ciples” recommended by the AFS Board, plus No. 40 as added, 
were approved and accepted by the Institute Trustees, with 
the following change: 

“No. 8—Annual Meetings of the Trustees shall be held im- 
mediately prior to the AFS Annual Board Meeting, to enable 
the Chairman of Trustees to attend the AFS Board meeting 
and report in person on progress and requirements of the In- 
stitute.” 

The “Governing Principles” approved are made part of these 
minutes, as appended. 

(9) Revision of AFS By-Laws 

In response to question, Mr. Alexander stated that it would 
be well for AFS to include provision for the Institute, election 
of Trustees, and other essential data relating to the Institute, 
when next the AFS By-Laws are revised. He also suggested 
that present by-laws should be carefully reviewed at the same 
time, to avoid conflict with the purposes and operations of the 
Institute. Mr. Alexander recommended that any _ reference 
to meetings and actions of the Institute Trustees should avoid 
reference to a “Board” of Trustees. 


(10) Funds and Financing 
Mr. Alexander recommended that the Society make actual 
transfer of sufficient funds to the Institute as evidence of good 
faith and support. The AFS President announced that the 
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sum of $5,000 in cash had already been deposited to a new 
Institute account at the First National Bank of Des Plaines 
Ill., later increased by transfer of additional $2,500. 

The President also announced that the AFS Board, by ac- 
tion Nov. 16, 1956, had agreed to accept interim organization 
expense of the Institute to a total of $25,000 during the balance 
of the current fiscal year. He also stated that the AFS Board 
accepted the obligation to adequately finance, after July 1, 1957, 
normal AFS activities which henceforth are delegated to the 
Institute, until such time as Institute funds become available 
for that purpose. 


(11) Development of Overall Plan 

In discussing further development of the Institute and _ its 
activities, as authorized by the AFS Board of Directors on Nov. 
16, 1956, it was stated by the AFS officials present that the 
intents of Board actions were: 

(a) That AFS construct a building in Des Plaines to house 
Institute training and other activities, subject to Board ap- 
proval of accurately estimated costs to be presented at the Feb. 
1957 Board meeting; 

(b) That the Institute Trustees would determine and de- 
cide on what the new building should include, so that accurate 
cost estimates can be made; 

(c) That the Institute was created to carry out the 6- 
point Program of activities approved by the AFS Board, 
with the Institute Trustees responsible for the manner and de- 
tails of their development. 

From the discussion, it became apparent that not all Trustees 
present were in agreement on (a) whether or not the Trustees 
desired that a building be erected to house Institute ac- 
tivities as stated; (b) whether or not such building should be 
erected in Des Plaines adjoining the present AFS Headquarters 
building; and (c) whether or not the Institute desired to pro- 
ceed immediately with development of facilities and courses 
for the Training activities proposed. 

Chairman Bornstein requested, in view of the importance of 
the decisions involved, that action of the Trustees to resolve 
existing points of difference be postponed to a meeting with all 
Trustees present. Trustee Wagner stated that he would be un- 
able to attend such a meeting in January, and authorized a 
proxy vote for himself, as follows: That the Trustees accept the 
overall Program proposed by the AFS Board, that the pro- 
posed Institute building be erected on present AFS land in 
Des Plaines, and that the firm of Nicol & Nicol, Chicago, be 
retained as official architects for prompt development of build- 
ing specifications. He warned that delay in building plans 
might result in increased building costs and higher interest 
rates on a loan for construction purposes. 

It was the consensus, particularly in view of the late hour, 
that the suggestion of the Chairman be accepted. Accordingly, 
the meeting adjourned sine die, the time of the next meeting 
to be determined by the Chairman and Secretary. 

Approved: 
H. Bornstein, Chairman 
Jan. 17, 1957 





Minutes 


AFS Training & Research Institute Trustees 
Netherland Hilton Hotel, Cincinnati — May 7, 1957 


(1) ROLL CALL: 
H. Bornstein, Chairman of Trustees, presiding 
Trustees: 
G. H. Clamer 
H. W. Dietert 
F. W. Shipley 
B. L. Simpson 
I. R. Wagner 
B. C. Yearley 
L. H. Durdin, Trustee-elect 
Wm. W. Maloney, Secretary-Treasurer 
S. C. Massari, Director 
(2) Minutes of the February 24 meeting of Trustees were ap- 


proved without reading, since all Trustees received copies at a 
prior date. 

(3) Report of Chairman Bornsteir to the AFS Board of Direc- 
tors at their meeting February 25 was unanimously approved. 
(4) Institute building plans were then considered and follow- 
ing discussion, it was decided that the building will not require 
the installation of a cupola or such other pieces of equipment as 
might be objectionable to neighbors, since it was concluded 
they were not essential for teaching the melting of metal. It 
was the consensus that the building should be institutional 
type planned for the present AFS site. 

(5) Authority was unanimously granted to the Building Com- 
mittee and the AFS Staff to select an architect to prepare draw- 
ings and specifications for a building on the present site. Author- 
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ization was further given to spend not in excess of $7,000 
for architect fees, with the express understanding that when 
and if the building is constructed this sum will be part of the 
final total fee of the architect to cover preparation of drawings, 
specifications, and supervision of construction. 

It was also decided that a study and investigation should be 
initiated to arrive at the cost of additional land for parking 
and future expansion so that recommendations for the acqusi- 
tion of such property may be made by the Trustees to the AFS 
Board of Directors. It was felt that such recommendations 
should be made to the AFS Board for the acquisition of addi- 
tional land regardless of whether the Institute building is 
constructed; that land should be acquired to take care of future 
requirements of AFS. Recommendations unanimously approved. 
(6) Budget for the 1957-58 fiscal year having been prepared, 
and in view of inability to make specific plans for the fiscal 
year 1958-59, it was decided that the same budgetary sum 
should be included for the second year. 

(7) It was pointed out by the Chairman that the budgetary 
sums required for AFS research must be a part of the Institute 
budget since such activities in the future will be contracted 
for and administered by the Trustees, and merely involve trans- 
fers of funds to finance such research. 

(8) The Instructors Seminar initiated for the first time last 
year, to be given again in June of this year at Kellogg Center, 
Michigan State University, as a three-day session for instructors 
of foundry and pattern courses in secondary schools. It has 
been customary for AFS to pay the expenses of the instructors 
at the Seminar, Chapters being requested to pay travel expenses 
of instructors sent from their Chapter areas. 

Plans for the Seminar this year are completed. In future 
years they will be held in other cities, probably at Case Insti- 
tute of Technology, Cleveland, in 1958. Cost of the Seminar 
is approx. $5,000 to $5,500. The Seminar will be handled by the 
AFS Education Division and Staff in 1957; by the Institute 
and Education Division in future years. 

(9) The Chairman advised that a letter had been written to 
T. W. Pangborn relative to the Pangborn Scholarship Fund, 
and that tentative arrangements had been made for H. Born- 
stein, H. W. Dietert and Wm. W. Maloney to meet with Mr. 
Pangborn on June 25 at Hagerstown, Md. 

(10) S. C. Massari outlined plans for training courses to be 
given in 1957. It was decided that the following fees be 
charged: $100 for laboratory work courses, $50 for lecture 
courses. 

(11) The Chairman read a letter from Prof. George Barker of 
University of Wisconsin, expressing extreme enthusiasm for the 
Institute program, emphasizing the importance that courses be 
well planned, and that good instructors be acquired to insure 
that initial courses are a complete success. 

(12) H. W. Dietert suggested that short courses be given at 
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the various Chapters. Following some discussion, it was felt that 
at present such additional Chapter courses would create too 
much load on the limited staff and hence should be postponed 
until some future date, 
(13) It was agreed that the Harry W. Dietert Co. continue tem- 
porarily for the next year with their sand courses at the Chap- 
ters, with the express understanding that they do so without 
interfering either as to date or location with the presently 
scheduled Training & Research Institute courses. $. C. Massari 
was instructed to write the Dietert Company accordingly. 
(14) Wm. W. Maloney advised that Northwestern University 
was discontinuing its foundry courses and that equipment in the 
foundry laboratory was available. B. L. Simpson agreed to ar- 
range a meeting between the University president, S. C. Massari 
and himself to discuss possible donation of this equipment to 
the Training & Research Institute. It was unanimously agreed 
that such arrangements as can be made will be acceptable to 
the Trustees, provided the equipment can be acquired as a gift. 
(15) The Chairman appointed the following Institute com- 
mittees: 
Building Committee: 
B. C. Yearley, Chairman 
H. Bornstein 
F. W. Shipley 
B. L. Bevis 
Finance Committee: 
L. H. Durdin, Chairman 
H. Bornstein 
H. W. Dietert 
Wm. W. Maloney 
Research Committee: 
H. Bornstein, Chairman 
R. F. Thomson 
S. C. Massari 
(16) The Chairman was requested to prepare and send a letter 
to B. L. Simpson thanking him for his services as an Institute 
trustee. : 
(17) A brief financial report was presented by Treasurer Wm. 
W. Maloney as follows: Income—$7500.00; Expense (as of April 
80, 1957) $681.77. In the future a balance sheet will be pre- 
pared as well as an annual statement comprehending a di- 
vision of expenses between AFS and the Training & Research 
Institute, such as salaries of joint personnel. 
There being no further business to be considered, the meet- 
ing was declared adjourned. 
Respectfully submitted, 
S. C. MASsARI 
Director 
Approved: 
H. Bornstein, Chairman 
May 20, 1957 
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and 


TRUST AGREEMENT 


Creating 
THE AMERICAN FOUNDRYMEN’S SOCIETY 
TRAINING AND RESEARCH INSTITUTE 
December 21, 1956 


RESOLUTION 

BE IT RESOLVED that the Society shall cause the creation of 
a foundation to be known as AMERICAN FOUNDRYMEN’S 
SOCIETY TRAINING AND RESEARCH INSTITUTE, the 
purpose of which shall be to pursue exclusively the educa- 
tional and scientific objectives of the Society, and the officers 
are authorized on behalf of the Society to enter into an agree- 
ment with Institute trustees establishing said Institute and 
prescribing the terms and conditions under which it shall op- 
erate; and 


BE IT RESOLVED that the affairs of the Institute shall be 
administered by seven trustees known as Institute Trustees, of 
whom the President, the Vice-President and the immediate Past 
President of the Society shall be three, to serve for the term of 
their respective offices; and four shall be elected by the Board 
of Directors of the Society for terms of four years each, except 
that the terms of the initial Trustees shall be for one, two, 
three and four years, respectively; and 

BE IT RESOLVED that the Society shall contribute such sums 
of money and property as the Board of Directors of the Society 
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shall from time to time determine upon and as shall be usable 
by the Institute; that the Society and the Institute may solicit 
contributions of money and materials for the purposes of the 
Institute; and that the Society, by approval of the Board, shall 
construct and make available to the Institute an adequate build- 
ing for the purpose of establishing and maintaining its program; 
and 
BE IT FURTHER RESOLVED that the agreement between 
the Society and the Institute shall provide that in the event of 
dissolution the assets of the Institution shall be given to an or- 
ganization which, selected by the dissolving Board of Trustees, is 
in good standing and qualified to pursue the purposes of the In- 
stitute. 
Resolution approved unanimously by the Board of Directors of 
the American Foundrymen’s Society in special meeting held 
November 16, 1956, in the City of Chicago, Illinois 

ATTESTED: Wm. W. MaAtoney (Seal) 

Secretary 
American Foundrymen’s Society 

November 16, 1956 

THIS TRUST AGREEMENT, made this 2Ist day of Decem- 
ber, 1956, by and between American Foundrymen’s Society, an 
Illinois corporation with its principal place of business at Des 
Plaines, Illinois, hereinafter called the Creator, and Hyman 
Bornstein, Moline, Illinois; Guilliam Clamer, Philadelphia, 
Pennsylvania; Harry W. Dietert, Detroit, Michigan; Frank W. 
Shipley, Peoria, Illinois; Bruce L. Simpson, Chicago, Illinois; 
I. R. Wagner, Vero Beach, Florida; and Barney C. Yearley, 
Cleveland, Ohio, hereinafter called Institute Trustees: 

WITNESSETH: 

WHEREAS, pursuant to resolution adopted by the Board of 
Directors of American Foundrymen's Society on November 16, 
1956, the Creator desires to establish a trust, for educational 
and scientific purposes and uses, to which it and others may 
transfer funds or property from time to time to be devoted 
solely to such purposes and uses, and 

WHEREAS, Creator has transferred and delivered the sum of 
Seven Thousand Five Hundred Dollars ($7,500) to the Insti- 
tute Trustees, who hereby acknowledge receipt thereof; 

NOW, THEREFORE, for the purpose of establishing such 
trust and prescribing the terms and conditions under which 
it is to operate and be administered, it is mutually agreed by 
the Creator and Institute Trustees as follows: 

ARTICLE I 

The trust created hereby shall be known and designated as 
AMERICAN FOUNDRYMEN’S SOCIETY TRAINING AND 
RESEARCH INSTITUTE. 

ARTICLE II 

(1) The term “trust estate,” “property of the trust,” and 
any other equivalent or similar expression used herein shall 
mean any and all securities, moneys and properties, of what- 
ever nature or description, which may be given, assigned 
transferred, delivered or conveyed to the Institute Trustees 
for the uses and purposes of this trust by the Creator or 
any other donor, together with any and all investments and 
reinvestments of the trust property and proceeds thereof 
and all income of the trust. 

(2) Title to the trust estate shall be vested in the Institute 
Trustees; provided, however, that the Institute Trustees shall 
have full power and authority to transact any business of the 
trust and deal with the trust estate, or any part thereof, 
in the name of the trust, as hereinbefore set forth; and 
provided further, that the Institute Trustees may, if they 
deem such course desirable, place the funds and property of 
the trust in the hands of a bank or trust company selected 
by the Institute Trustees, with power to accept and execute 
trusts, for safekeeping and the routine handling, investment, 
reinvestment, and management thereof, pursuant to authority 
specifically granted herein, but in such event proper pro- 
vision shall be made so that the trust estate held by such 
bank or trust company shall at all times and in all respects be 
for the account of the trust and subject to the ultimate 
control and discretion of the Institute Trustees. 

ARTICLE Ill 
THE PURPOSE OF THE TRUST 

(1) The trust is created and shall be administered and 
operated exclusively to advance the arts and sciences relating 
to the manufacture and utilization of metal castings through 
research and education within the United States or its pos- 
sessions. 

(2) In no event and under no circumstances shall any 
part of the trust estate be distributed to or inure to the 
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benefit of the Creator, its successors or assigns, any donor donat- 
ing property to the trust, his or its successors, assigns, heirs 
or representatives, or any ‘Trustee; and in the event of 
termination of this trust for any reason, the trust estate, if any 
shall be given to an organization which, selected by the then 
Institute Trustees, is in good standing and qualified to pursuc 
the purposes of the Institute. 

(3) No part of the activities of the trust shall consist of 
attempting to influence legislation. 

ARTICLE IV 
ADMINISTRATION OF THE TRUST ESTATE AND 
POWERS OF THE INSTITUTE TRUSTEES 

(1) The Institute Trustees are hereby vested with full power 
and authority to manage and control the trust estate, and 
they shall cause the income therefrom and the principal 
thereof to be used in accordance with the provisions of this 
agreement and for the uses and pu herein set forth. 

(2) The Institute Trustees shall have full and complete 
power, in their discretion, and without being required to 
apply to any court for authority, to: 

(a) Hold uninvested, or cause to be held uninvested, any 
funds received by the Institute and permit any securities, 
properties, and other assets originally received or subse- 
quently acquired by or for the Institute to continue in the 
same form as that in which they were so received or 
acquired. 

(b) Invest or reinvest, or cause to be invested or re- 
invested, the trust estate, or any part or parts thereof, in any 
type of investment permitted to trustees under the statutes 
of the State of Illinois now or hereafter in force. 

(c) Vote, or cause to be voted, directly or by proxy all 
securities held by the Institute. 

(d) Consent, or cause consent to be given, to the re- 
organization, consolidation, readjustment of the financial struc- 
ture or sale of assets of any corporation or other organiza- 
tion, the securities or obligations of which consitute a part 
of the trust estate, and take or cause to be taken any 
other or further action with reference to such securities or 
obligations which in their opinion may be desirable, and 
accept and hold or cause the trust to accept and hold any 
securities or other obligations resulting therefrom. 

(e) Exercise, or cause to be exercised on behalf of the 
trust, any voting right, conversion privilege, subscription 
right, or other privilege incident to the ownership of any 
security. 

(f) Receive and accept, for the purposes of the Institute, 
additional money, securities, or other property, or interest 
therein, which the Creator, or any other corporation, firm, 
association or individual may contribute to the Institute 
and add the same to the assets thereof. 

(g) Borrow money, without personal liability, for any 
purpose for the benefit of this Institute, secure repayment 
thereof by mortgage, pledge or hypothecation of any part of 
the assets of the trust, sell any of the assets of the trust in 
order to repay the same, and execute such instruments and 
take such action, without personal liability, or cause such 
instruments to be executed and such action to be taken, 
without personal liability, as may be necessary to effectuate 
such transactions. 

(h) Compromise, compound and adjust claims arising 
out of any property of the trust, and any other claims 
arising out of any property held hereunder, and any other 
claims in favor of or against such trust estate, upon such 
terms and conditions as they may deem best. 

(i) Sell, lease, grant the use of, or otherwise deal with 
or dispose of the trust estate, or any part or parts thereof, for 
such consideration and upon such terms as they may deem 
proper, and execute appropriate instruments or cause such 
instruments to be executed, and take appropriate action or 
cause appropriate action to be taken to evidence and effectuate 
such action. 

(j) Surrender or exchange any property of the Institute 
for any other property they deem proper and execute ap- 
propriate instruments or cause appropriate instruments to 
be executed, and take appropriate action or cause appropriate 
action to be taken, to evidence and effectuate such action. 

(k) Do all things and execute all documents, and cause 
all things to be done and all documents to be executed, 
which may be necessary or appropriate to effectuate any of 
the above transactions; provided, however, that nothing in 
this trust agreement contained shall authorize the Institute 
Trustees to engage in any “prohibited transaction” as de- 
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fined in subparagraph (c) of section 503 of the Federal 

Internal Revenue Code, but such Institute Trustees are 

hereby expressly prohibited and precluded (notwithstanding 

any of the terms and provisions of this trust agreement) 
from engaging, directly or indirectly, in any such “pro- 
hibited transaction.” 

(3) No party to any transaction with the Institute Trustees 
shall be required to inquire as to the expediency thereof or 
as to the authority of the Trustees to effect the same, or to 
see to the application of the consideration therefor. 

(4) The Institute Trustees may effect at any time, and from 
time to time may modify and change, such organization as 
they shall deem necessary or advisable for the efficient or 
convenient administration of the trust; may employ or retain 
advisers, accountants, investigators, attorneys and other agents 
and employees; may from time to time prescribe the au- 
thorities and duties of such advisers, accountants, investigators, 
attorneys and other agents and employees, and fix and pay 
out of the trust estate or cause to be paid therefrom such 
compensation for their services as may be reasonable and as the 
Institute Trustees may deem necessary and proper; and, gen- 
erally, may take, or cause to be taken, every action, and may 
do, or cause to be done, every matter, and thing which, in the 
judgement of the Institute Trustees shall be necessary, or ad- 
visable, in connection with the administration of the trust 
hereby created. 

(5) Any action taken by a majority of the Institute 
Trustees shall have the same force and effect for any and 
every purpose as if taken by all the Institute Trustees. 
It shall be conclusively presumed that any action has been 
duly taken by the Institute Trustees, if such action be recited 
or set forth in a writing signed by a majority of the In- 
stitute Trustees duly acting hereunder, or in a_ resolution, 
certified by the Secretary of the Institute Trustees or by any 
other person authorized by the Institute Trustees, to have been 
duly adopted at a meeting of the Institute Trustees regularly 
convened and held. 

(6) The Institute Trustees shall be answerable only for their 
own acts and defaults and not for those of any other party, 
nor for the insufficiency or depreciation of any funds, securities, 
or properties, nor for any involuntary loss, nor for the act or 
default of any agent, attorney-in-fact, or employee selected 
with reasonable discretion. In no event and under no cir- 
cumstances shall any Institute Trustee be liable except for his 
own willful default or gross negligence. 

(7) It is the intention of the Creator that the Institute 
Trustees, for the purposes specified in ARTICLE III, shall have 
full power, authority, and discretion to deal with any situation 
which may arise respecting the trust estate, or any part thereof, 
in such manner as the Trustees shall deem desirable or 
expedient and they shall have as full power, authority, and 
discretion in regard to the trust estate and the income there- 
from, and every part thereof, as if they were the actual 
owners thereof, and the grant to the Institute Trustees 
herein of any specific power, authority, or discretion, or the 
failure to grant specifically to them herein any other power, 
authority, or discretion, shall not be construed, to limit or 
curtail in any way, the full and complete power, authority and 
discretion which it is the intention of the Creator shall be 
exercisable at all times by the Institute Trustees respecting 
any and all matters of whatsoever character pertaining to the 
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trust estate or the income therefrom, or any part thereof, or 
the administration thereof. 
ARTICLE V 
ELECTION OF INSTITUTE TRUSTEES 

Election of Institute Trustees shal] be in accordance with the 
provisions of resolution adopted by the Board of Directors of 
American Foundrymen’s Society on November 16, 1956. 

ARTICLE VI 
MISCELLANEOUS PROVISIONS 

(1) All expenses incident to the administration of the trust, 
of whatever character, shall be paid out of the trust estate, 
either principal or income, as the Institute Trustees may de- 
termine, and the Institute Trustees shall be reimbursed for 
all expenses incurred by them in connection with the trust or 
its administration. The Institute Trustees shall not, however, 
be entitled to receive any commissions or other compensation 
for their services in the administration of the trust. 

(2) In the event the Institute does not qualify as an organiza- 
tion exempt from Federal income tax under section 501 of the 
Internal Revenue Code or the corresponding section of any 
subsequent Revenue Act, then the Creator shall have the 
power to alter or amend this trust to the extent necessary to 
qualify the Institute as an exempt organization under such 
section; and, in any event, the Creator and the Institute 
Trustees, by instruments supplemental hereto, may modify or 
supplement such of the provisions hereof as shall be neces- 
sary or advisable, in their judgement, to effect a more 
convenient or efficient administration of the trust or to enable 
the Institute Trustees more effectively to carry out its pur- 
poses, but neither the Creator nor the Institute Trustees, sep- 
arately or jointly, shall have any right, power or authority, 
by modification or supplement of the provisions hereof or 
otherwise to divert any part of the trust estate or the in- 
come therefrom to any purpose other than those expressed 
in this agreement. 

(3) This agreement shall be governed and construed in 
accordance with the laws of the State of Illinois. 

(4) The Institute Trustees herein named agree and consent 
to act hereunder. No bond or other security shall be required 
of any Institute Trustee hereunder. 

IN WITNESS WHEREOF, the Creator, American Foundry- 
men’s Society, has caused this Trust Agreement to be executed 
by its President and its corporate seal to be hereunto affixed, 
attested by its Secretary, and each of the Institute Trustees 
has hereunto set his hand and seal, all on the day and in the 
year first above written. 

AMERICAN FOUNDRYMEN’S SOCIETY 
By: FRANK W. SurpLey (Seal) 
Its President 
ATTEST: 
Wa. W. MAtoney (Seal) 
Secretary 
Hyman Bornstein (Seal) 
Guilliam H. Clamer (Seal) 
Harry W. Dietert (Seal) 
Frank W. Shipley (Seal) 
Bruce L. Simpson (Seal) 
I. R. Wagner (Seal) 
B. C. Yearley (Seal) 
Institute Trustees 
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14th Annual AFS Chapter Officers Conference 
Sherman Hotel, Chicago — June 13-14, 1957 


PROGRAM 


Gen. Mgr. Maloney 
Welcome to Conference Gen. Mgr. Maloney 
Introductions By the Conference 
Your Society and Its Objectives. ...Chairman Dietert 
Important background on objects and purposes of 
of AFS and relation to Chapters. 
AFS Technical Activities Tech. Dir. Massari 
Developing Chapter Programs 
(Dave Sherman, Harold Hirsch, Larry Weaver, 
George Miklos, Alex Beck) 
Conventions and Exhibits 
Luncheon 
Report on F.E.F. Developments 
The SH&AP Program of AFS 
Chapter Membership Work 
(Norm Amrhein, Elmore Brown, Martin Gruhler, 
Tom Shadwick, Paul von Colditz) 
The AFS Board and Elections ....Chairman Dietert 
Gen. Mgr. Maloney 


Call to Order 


Gen. Mgr. Maloney 


Vice-Pres. Durdin 
Jack H. Schaum 
J. M. Eckert 
AFS Finances and Financing ....Gen. Mgr. Maloney 
Social Hour 
Annual Conference Dinner 
Presiding: Chairman Dietert 
Guest Speaker: Dr. Ralph E. Lapp, Director, Nuclear 
Science Service, Washington, D. C., “Atomic Energy 
Today.” 
8:30 pm Special Delegate Meetings 


June 14 

9:02 am Chapter Educational Programs 

(Emil Romans, John Smillie, Phil Semler, Tom 

Walker, Vernon Rowe) 
9:57 am AFS Training & Research Institute, Tec. Dir. Massari 
10:45 am Staging the Regional Conference, Gen. Mgr. Maloney 
11:15 am “The Shakeout” Chairman Dietert 
12:20 pm Getaway Luncheon 


Chapter Contacts Committee 
“MODERN CASTINGS” Story 


ATTENDANCE 


AFS President & Conference Chairman —H. W. Dietert, Chair- 

man of the Board, H. W. Dietert Co., Detroit. 

AFS Vice-President — L. H. Durdin, President, Dixie Bronze Co., 

Birmingham, Ala. 
AFS General Manager — Wm. W. Maloney 
Guests — Dr. Ralph E. Lapp, Director, Nuclear Science Service, 
Arlington, Va. 
R. W. Schroeder, University of Illinois, Chicago. 
E. J. Walsh, Exec. Dir., Foundry Educational Founda- 
tion, Cleveland. 
Chapter Officers 

BIRMINGHAM — Chairman Sam F. Carter, Asst. Works Mgr., 
American Cast Iron Pipe Co., Birmingham, Ala. Vice-Chair- 
man & Program Chairman M. D. Neptune, Met., James B. 
Clow & Sons, Birmingham, Ala. Secretary A. M. Garrison, 
Jr., Sales Engr., T. H. Benners & Co., Birmingham. Ala. 

British CoLumBiA — Chairman E. C. J. Bird, Owner, Bird Alumi- 
num Foundry, Ltd., Vancouver, B.C. Vice-Chairman & Pro- 
gram Chairman J. T. Hornby, Sales, Balfour Guthrie (Can.), 
Ltd., Vancouver, B.C. 

Canton District — Chairman L. A. Weaver, Prod. Met., United 
Engineering & Foundry Co., Canton, Ohio. Vice-Chairman 
& Program Chairman R. Mittlestadt, Met., Lectromelt Cast- 
ing Div., Akron Standard Mold Co., Barberton, Ohio. Secre- 
tary F. A. Dun, Foreman, Babcock & Wilcox Co., Barberton, 
Ohio. 

CENTRAL ILLinois— Chairman Gilbert F. Lloyd, Treas., Brass 
Foundry Co., Peoria, Ill. Vice-Chairman & Program Chair- 
man Andrew J. Paul, Asst. Pur. Agent, Caterpillar Tractor 
Co., Peoria, Ill. 

CENTRAL INDIANA— Chairman Wm. Fitzsimmons, Core Room 
Supt., Internationa! Harvester Co., Indianapolis, Ind. Vice- 
Chairman & Program Chairman Wm. H. Faust, Maint. 
Supv., Electric Steel Castings Co., Indianapolis, Ind. 

CENTRAL MICHIGAN — Chairman Robert D. Dodge, Detroit Mgr., 
Archer-Daniels-Midland Co., Detroit, Mich. 

CENTRAL NEw York — Chairman N. W. Meloon, Jr., President, 
Meloon Bronze Foundry, Inc., Syracuse, N. Y. Vice-Chair- 
men & Program Chairman Ralph J. Denton, President, Den- 
ton Refractory Service Corp., Syracuse, N. Y. 

CENTRAL Onto — Chairman Paul Eubanks, Chief Inspector, Ohio 
Steel Foundry Co., Springfield, Ohio. Vice-Chairman & Pro- 


gram Chairman Dallas M. Marsh, Cooper-Bessemer Corp., 
Mt. Vernon, Ohio. 

CHESAPEAKE — Chairman Donald A. Roemer, Fdy. Supt., Frank- 
lin-Balmar Corp., Baltimore, Md. Vice-Chairman & Pro- 
gram Chairman W. O. Becker, Field Engr., Atlantic Abrasive 
Co., Baltimore, Md. Chairman Southern Section, W. W. Levi, 
Chf. Met., Lynchburg Foundry Co., Radford, Va. Vice-Chair- 
man & Program Chairman Southern Section Grover C. Cole, 
Vice-Pres. & Supt., Wysong & Miles Foundry, Inc., Greens- 
boro, N. C. 

Cuicaco — President W. O. McFatridge, Supv., International 
Harvester Co., Mfg. Rsch., Chicago. Vice-President Donald 
G. Schmidt, Met. Engr., H. Kramer & Co., Chicago. Educa- 
tion Chairman Leonard F. Bartosz, Fdy. Supt., National 
Malleable & Steel Casting Co., Cicero, Ill. Director Robert 
P. Schauss, Chicago Mgr., Werner G. Smith, Inc., Chicago. 
Director John C. Mulholland, Gen. Supt.-Fdy., Pettibone- 
Mulliken Corp., Chicago. 

Cincinnati District — Chairman E. J. James, Sales Engr., Day- 
ton Oil Co., Dayton, Ohio. Vice-Chairman & Program Chair- 
man Richard R. Deas, Jr., Vice Pres. & Works Mgr., The 
Hamilton Foundry & Machine Co., Hamilton, Ohio. 

Connecticut —R. J. Brandt, Manufacturer’s Agent, Northeast 
Brandt Co., Branford, Conn. Director Charles S. Parker, 
Salesman, Andrew Terry Co.— Union Mfg. Co.— The Bul- 
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PROGRESS IN IRON CASTINGS 


By 


H. Bornstein* 


Progress in an industry can sometimes be measured 
by the change in its specifications. To some extent 
this applies to gray iron castings. The American So- 
ciety for Testing Materials is the recognized specifica- 
tions making body in this country. A-48 is the desig- 
nation for the specifications for General Castings. In 
1916 the specification stated that tension tests were 
not recommended but the following minimum tensile 
properties were provided, when specified: 

— 18,000 psi 
21.000 psi 
24 000 psi 


Light castings 
Medium castings — 
Heavy castings 


In 1924 it was recognized that there was need for a 
specification for higher strength iron, so a “high-test 
gray iron” was specified providing for a minimum 
tensile of 28,000 psi. In 1930 the minimum tensile on 
“high test cast iron” was increased to 33,000 psi. 

During the period of the 1920’s it was recognized 
that considerable development was taking place, both 
in this country and abroad in the production of higher 
strength cast irons. Many of you remember the term 
“semi-steel.” Of course it was a misnomer, but it did 
mean that some steel was used in the cupola charge. 
It was a recognition that the addition of steel to the 
charge affected the properties of the metal. The im- 
portance of carbon content and its control were being 
studied. And many of the alloying elements were 
coming into use, at least in an experimental way. 

At the same time the designer of castings was asking 
for higher strength irons as measured by the tensile 
test. 

As a result of the various developments it was rec- 
ognized that higher strength irons were available and 
specifications should be developed for them. At that 
time the writer was chairman of ASTM Committee 
A-3 on Cast Iron and John W. Bolton (who pre- 
sented the Annual Lecture of this Society in 1943) was 
chairman of Subcommittee VI on General Castings. 
Under his leadership a revised tentative A-48 specifi- 
cation was issued in 1932. For the first time tensile 
strength became the primary item and it was stated 
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that, “It is the purpose of these specifications to 
classify cast irons in respect to tensile strength.” Seven 
classes were included as shown in Table 1. The spe- 
cifications also provided for three sizes of test bars 
and attempted to correlate test bar and casting. This 
is also shown in Table 1. 


TABLE | — SPECIFICATIONS FOR GRAY IRON CASTINGS 





Minimum Tensile, psi 


20,000 
25,000 
30,000 
35,000 
40,000 
50,000 
60,000 


Class No. 





Transverse Tests 
Dimensions of Bar Distance between 
Diam, in. Length,in. supports, in. 
0.875 15 12 
1.20 21 18 
2.00 27 24 
Correlation of Test Bar and Casting 
Controlling Section* Nominal Diam of 
of Casting, in. Test Bar, as cast, in. 
0.75 max. 0.875 
0.76-1.10 B 1.20 
1.11-2.00 Cc 2.00 
*Later revisions of Specification A-48 provided for Controlling 
Sections of 0.50 in. max., 0.51 - 1.00 in. and 1.01 - 2.00 in. for 
Test Bars A, B, and C respectively. 


Test Bar 
A 





With few changes the A-48 Tentative Specification 
of 1932 is the A-48 specification now in use. In 1936 
the Tentative Specification became a Standard under 
the designation A-48-36. 

The current A-48 specification is designated A-48-56 
and it is used by a number of specifying organizations. 

It was recognized early during this period that the 
microstructure of gray irons was important and to a 
large extent determined the properties of the metal. 
In 1922 in a talk which the writer gave to the Quad 
City Foundrymen’s Association he ventured the pre- 
diction that the microscope would become an impor- 
tant tool in gray iron metallurgy and that the foundry- 
man would become familiar with the structures of 
cast iron. It was but a few years later that many 
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foundrymen were discussing graphite shape, size and 
distribution, ferrite, pearlite and cementite. The foun- 
dryman had learned that structure was important and 
he had to recognize it. 

John Bolton in his 1943 Lecture called attention to 
the developments in the field of cast iron metallurgy. 
He named many men who were active during the 
1920’s and 1930's and who contributed much to the 
development of gray iron. Most of these men are no 
longer active but the present crop is doing an excel- 
lent job in carrying on the development of gray iron. 

As the writer looks back over this period, he notes 
certain developments which are outstanding: 


(1) Increased use of steel in the charge and the 
control of carbon content 

(2) Use of alloying elements, singly or in com- 
bination 

(3) Importance of mass effect and its control 

(4) Use of inoculants 

(5) Heat treatment. 


(1) Not too many years ago, only combined carbon 
was determined, and that by the color method. Then, 
as steel in the charge became general, we learned that 
the total carbon was most important. Lower total 
carbons gave increased tensile strength but also pre- 
sented problems in feeding of castings. While we 
could obtain high tensile strength in this manner, 
other properties such as wear resistance and thermal 
shock would suffer. So, today the tendency is away 
from some of the low total carbons which were popu- 
lar in the 1920's. 

(2) Alloying to increase strength and hardness, im- 
prove structure and to improve machinability re- 
ceived attention from many investigators and the AFS 
TRANSACTIONS is a valuable reservoir of information. 
As a result alloying is now carried out to accomplish 
a specific purpose and with economy. We have learned 
where the various alloys and combinations fit into 
the complex picture. And we have learned how not 
to waste valuable alloys. 

(3) Much work was done on mass effect and on 
cooling rates. We have departed from the use of a 
single test bar and we have tried to correlate test bar 
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and casting. We have learned that, under certain con 
ditions, hardness is a good indication of strength. We 
also have learned that certain compositions are les: 
affected by mass and we have used this informatior 
to secure the desired results in heavy sections. 

(4) Inoculants have been defined as follows: “In 
oculants or inoculating alloys are those material 
which are added to molten cast irons in the ladle for 
the purpose of altering or modifying the structure 
and thereby improving the physical and mechanica! 
properties to a degree not explainable on the basis o/ 
the change in composition resulting from their use.’ 
Many different materials such as ferro-silicon, ferro- 
manganese-silicon, calcium silicon, graphite, and num- 
erous commercially-prepared inoculants are used. 

Some of these inoculated irons are well known 
under various trade names and have found consider- 
able acceptance in industry. With inoculation higher 
strength irons can be made with higher carbon and 
lower silicon than usual. This is of advantage where 
increased machinability, wear resistance, and sounder 
castings are desired. 

(5) Some of you remember when castings were 
aged outdoors for many months in order to obtain 
some stress relief and reduce warpage after machin- 
ing. Now a stress relief heat treatment can do a 
better job in hours than was done in months of aging. 

The cost of machining has become an important 
item in manufacture. So a large number of castings 
are now heat treated in order to soften them and to 
relieve internal stresses. The heat treatment results in 
lower hardness and a more uniform range of hard- 
ness, thereby increasing speed of machining and low- 
ering tool costs. Such a heat treatment has found 
wide application in the automotive industry. It should 
be used only where a loss of strength is not detri- 
mental. 

Another type of heat treatment is the quench and 
temper which is used to increase hardness and wear 
resistance. 


Range of Gray Iron Castings 
With increased hardness and strength and with the 
use of alloying elements, the cost of castings increases 
and usually machinability is decreased. Consequently 


Fig. 1 (Left)— Cast iron automotive camshatts. Fig. 2 (Center) — Structure of cast iron camshaft after flame hardening. 
Fig. 3 (Right) — Large diesel engine crankshatt. 
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Fig. 4— Centrifugally-cast gray iron sleeves. 


higher strength and special purpose cast irons should 
be specified only when required. 

Let us consider a few interesting castings produced 
in a large jobbing foundry: 


(1) Camshafts 
Cast iron has displaced steel for automobile cam- 
shafts (Fig. 1) . The following chemistry is typical. 
Combet io x6. 8%: 3.10-3.45% Phosphorus .. .0.20 max. 
Manganese ... .0.55-0.90 Chromium ... .0.85-1.25 
| 2.00-2.40 WE Axi ise 0.40 max. 
EE @o.n0 000 0.17 max. Molybdenum . .0.40-0.70 
The camshafts are selectively flame hardened. After 
heat treatment, the unhardened areas have a Brinell 
hardness range of 262-311 while the hardened cams 
are in the range of Rockwell 50-55C. Figure 2 shows 
structure after hardening. 


(2) Crankshafts 

Some crankshafts are made of cast iron, although 
most of the cast automobile crankshafts are now in 
pearlitic malleable or nodular iron. Following is the 
typical composition of crankshaft for large diesel en- 
gine shown in Fig. 3. 

eres 2.60% Chromium ........ 0.30% 


se ce cp EEE 2.60 or 1.00 
Manganese ........ 1.00 Molybdenum ...... 1.00 


The hardness of this shaft is about 285 Brinell and 
the minimum tensile strength is 55,000 psi. 


(3) Automotive Cylinders and Heads 

Increased horsepower has had its effect. The tend- 
ency is to increase diameter of bore without increasing 
overall dimensions. The jacket cores become thinner 
and the trend is toward ever thinner metal sections. 
Typical chemistry for cylinders and heads is shown 
below. 


FC, Si Mn P S > Ni Mo 
3.30 2.20 70 





jl ‘ 25 _ — Passenger 
Cars 


3.30 2.20 70 ll : d .20 .25 Trucks 


(here is a variation in hardness in the various parts 
{ the block due to different cooling rates. While 


0 
1 
} 


‘igh bore hardness is desired it is necessary to have 
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the flanges machinable. So a compromise is reached 
resulting in as-cast hardness of 156-197 Brinell for the 
bore and 179-228 Brinell for the flange. Similar prob- 
lems are encountered on cylinder heads. Stress relief 
and higher temperature heat treatment is more preva- 
lent for heads than for blocks. 


(4) Sleeves 

Sleeves are made by the centrifugal casting process 
with a range from 2-in. to 30-in. O.D. See Fig. 4. Most 
sleeves fall into the range of 3-5-in. O.D. and 8-12 in. 
long. Some dry type sleeves are machined to a wall 
thickness of 0.040 in. 

Advantages claimed for centrifugally-cast sleeves are 
as follows: 


. Cost is usually less, 

. Dimensions are held closer, 

. Fewer defects in foundry and in machine shop, 

. Structure is denser and cleaner, and 

. Either Type D or Type A graphite can be 
produced. 


The disadvantages are as follows: 


1. Large sizes are not economical, and 
2. Need large production to justify equipment. 


(5) Austenitic Irons 


High-nickel content irons are used largely for cor- 
rosion resistance. These irons also have good heat 
resistance. The chemistry is varied to obtain the de- 
sired properties. This class of irons has reached a 
production of about 7000 tons a year. Engine mani- 
folds, turbo chargers and bands for aluminum pistons 
take about 40 per cent, pumps and valves about 25 
per cent and the remaining 35 per cent is divided 
among other process industries. A typical composition 
range follows: 

Total Carbon . .3.00% max. Nickel 13.50-17.50% 
Re eae 1.00-2.50 Copper ..... 5.50- 7.50 
Manganese ... .1.00-1.50 Chromium .. 1.75- 2.50 


Because of the higher alloy content this metal is pro- 
duced by cold melt in the electric furnace. 

The above examples of castings are not offered as 
a typical list of gray iron castings. As a matter of fact, 
there is no typical list. They are simply a few inter- 
esting castings produced in a large jobbing foundry. 

Figure 5 is an interesting gray iron casting from 
another foundry. It is a governor body and bushing 


‘ 


Fig. 5 — Gray iron governor body and bushing for automatic 
transmission. 
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for an automatic transmission, replacing aluminum 
which was unsatisfactory. This is a shell-molded cast- 
ing. 

Selection of Material 

Whether or not a part should be produced as a cast- 
ing and, if so, in gray iron requires considerable 
study. In many cases it is not possible to determine 
service stresses, and selection is based on past experi- 
ence. In other cases it is possible to carry on laboratory 
tests and attempt to simulate service conditions. The 
final answer is performance in service. 

Sometimes laboratory tests may result in the wrong 
answer. The fault is not with the test but with the 
selection of the test. Here is an example where the 
writer selected the wrong test. This happened many 
years ago when we were using a malleable iron axle 
on one of our tractors. This tractor had a tendency 
to rear up and it was desired to put more weight in 
the front end. The foundry superintendent suggested 
going from a 50-lb malleable axle to a 100-lb gray 
iron axle. It was decided to go ahead with a test pro- 
gram. 

We carried on laboratory tests on malleable and 
gray iron axles by rigidly mounting the axles and then 
dropping a weight from increasing heights. The mal- 
leable axles failed by bending and the gray iron axles 
broke. 

While these tests were going on, other tests were 
made on tractors equipped with malleable and gray 
iron axles. The front end of the tractor was lifted and 
then dropped. In this test the wheels failed and no 
axles failed. 

Our laboratory test was wrong because we had a 
rigid mounting, while in‘ service we had the steel 
wheels as shock absorbers. And this was in the days 
before rubber tires were used on tractors. As a result 
of the test program the gray iron axle was adopted 
and was used for several years without service failures. 
However, we did check each gray iron axle. for hard- 
ness because we learned that there was a definite re- 
lationship between strength and hardness on these 
castings. 

White and Chilled Iron Castings 


White and chilled irons are used largely for appli- 
cations involving abrasive wear. The effects of various 
elements and combinations of elements have been 
studied. In the non-alloy type it is recognized that 
higher carbons result in increased wear resistance, 
with reduction in impact strength. In the farm ma- 
chinery industry additions of up to 1 per cent chro- 
mium are made for increased hardness and wear re- 
sistance. 

Much work has been done on alloy irons such as 
nickel-chrome martensitic irons, high chromium mar- 
tensitic irons (chromium 15-28 per cent), chrome- 
molybdenum irons, chrome-vanadium irons and 
nickel-boron irons. 

During 1956 about 40,000 tons of abrasion resistant 
nickel-chromium martensitic white iron castings were 
produced in the U.S. and Canada, particularly for 
mining, cement, and power industries. A comparable 
tonnage of irons of this type was produced in the form 
of metal working rolls for the steel industry. The 


PROGRESS IN IRON CASTINGS 


chemistry of these castings was in the range of: 


a ee 4.00-4.75% 
Chromium ... .1.50-3.00 


Carbon ....... 3.10-3.50% 
eee 0.40-1.00 
Manganese .. .0.40-0.70 


In the field of abrasion-resistant castings it is usually 
advantageous to cast against chills. The fast freezing 
rate produces a very fine carbide structure which re- 
sults in better abrasion resistance, greater strength, and 
better resistance to impact. Figure 6 shows marten- 
sitic nickel-chromium mill liners which were made in 
permanent molds. 


Fig. 6 — Gray iron mill liners made in permanent molds. 


Malleable Iron Castings 

In the field of gray iron castings, progress could be 
measured to some extent by the development of spe- 
cifications over a period of years. This is not the case 
with malleable iron. Specifications for ferritic (or 
standard) malleable iron have been substantially the 
same for many years. But there has been a great im- 
provement in the quality of malleable castings. A 
great deal has been due to the changes in equipment 
which have affected the metallurgy and the quality 
of the product. 

For many years the air furnace was used as the 
melting medium in malleable foundries. The air fur- 
nace is a batch-type furnace. This means that the 
foundry did not have a continuous metal supply and 
that there was considerable variation in chemistry 
from beginning to end of a heat. Lack of continuous 
metal meant that the foundries were not mechanized. 
Lack of uniformity in chemistry worked against the 
development of shorter annealing cycles. 

For many years work was done on the development 
of pulverized coal to replace hand firing of air fur- 
naces. One of the first successful installations of duplex 
melting using the cupola and pulverized coal-fired 
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air furnace came in 1934. W. R. Bean (AFS past- 
president) and W. R. Jaeschke of the Whiting Cor- 
poration were very active in the duplex cupola-air 
furnace melting program and they deserve consider- 
able credit for working out the many problems which 
had to be solved to make this method a satisfactory one 
for production. 

The largest malleable foundry in this country went 
to duplexing using the combination of cupola and 
electric furnace and this development resulted in a 
commercial installation in 1926. 

Nearly all standard malleable and pearlitic malle- 
able is melted by the duplex process today using 
either the cupola-air furnace of cupola-electric fur- 
nace combination. The cupola-air furnace melting 
unit is the more common one. 

To be specific, the writer relates the story of one 
plant with which he had intimate contact. Duplexing 
with cupola-air furnace was installed at this plant in 
1940. This installation produced continuous metal of 
the desired composition and temperature. The next 
step was foundry mechanization which started about a 
year later. 

At the same time the writer was carrying on anneal- 
ing experiments both in the laboratory and on a I-ton 
furnace for pilot plant operation. At that time he 
was using large coal-fired periodic-type ovens, and the 
annealing cycle was 7-10 days. There was considerable 
lack of temperature uniformity in these periodic 
ovens, resulting in a non-uniform product. Castings 
were packed into pots using a packing material. This 
made for a dirty annealing room and labor problems. 
Many times the writer saw long castings come out of 
the anneal with one end completely annealed and the 
other end brittle. 

The first production-type continuous, gas-fired, at- 
mosphere-controlled oven was installed in 1943. One 
more furnace came into operation in 1944 and two 
more in 1945. By that time we were able to eliminate 
all the periodic ovens. For increased production and 
for pearlitic malleable a fifth furnace was installed 
in 1953. 

The change in heat treatment at this foundry is an 
example of a change from very crude heat treatment 
to the most modern type of heat treatment. It has 
resulted in shortening the annealing cycle, better 
abor conditions and a better product. 


The duplex melting process has permitted a much 
wider range of raw materials. With the mold-melt air 
furnace we used 30-50 per cent of pig iron in the 
charge. The duplex process permits the use of 0-20 
per cent pig iron and 25-50 per cent steel scrap. Ordi- 
narily increasing steel scrap in the charge means econ- 
omy but we now have an abnormal condition where 


TABLE 2— MALLEABLE IRON CASTINGS COMPOSITION 
Cold Melt 





Duplex 





Target Analysis, % 
Carbon 2.30 
Silicon 1.05 
Manganese 0.30 
Sulfur 0.07 
Phosphorus 0.17 


2.40-2.50 
1.40-1.50 
0.45-0.50 
0.12-0.14 
0.08-0.12 
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pig iron is cheaper than steel scrap. So we use more 
pig iron. 

The chemistry*with cold-melt air furnace and with 
duplexing is shown in Table 2. Only the target analy- 
sis is shown for the cold-melt metal because there 
were wide variations from the target in carbon and 
silicon. With duplex melting and careful control, there 
is little variation from the specified range. This is 
important, because the silicon content runs fairly high 
to obtain a short-cycle anneal. If the carbon and/or 
silicon runs too high there is danger of the formation 
of primary graphite. 

Careful control of the steel scrap is exercised so that 
the chromium content does not exceed 0.05 per cent. 
An upper limit of 0.04 per cent is preferred. During 
World War II we learned that boron was helpful in 
improving annealability, particularly if the chromium 
content was high. We found a boron content of 0.0015 
per cent desirable. Even when the chromium content 
dropped, after the war, we continued to use boron 
because it helped produce a shorter annealing cycle. 

Light and medium section castings lend themselves 
well to production in malleable iron. But heavy sec- 
tions are a problem because the casting must be white 
as-cast with substantial absence of primary graphite 
and the silicon should be high enough for rapid an- 
neal. Additions of bismuth are very helpful in pre- 
venting primary graphite and do not interfere with 
short-cycle anneal. So it is customary to make both 
boron and bismuth additions for heavy castings. The 
range of bismuth addition is from .002 to .025 per 
cent, the latter figure for maximum sections of 314 in. 

Producing heavy section malleable satisfactorily has 
been a problem in the industry. Considerable research 
is being directed to this problem. A recent develop- 
ment is the use of high sulfur (about 0.40 per cent) to 
produce a spheroidal graphite upon annealing. It is 
claimed that sections up to 4 in. can be produced 
without primary graphite. 

The use of the gas-fired, thorofare-type, atmosphere- 
controlled ovens has resulted in shorter annealing 
cycle and better castings. Table 3 shows range of cycle 
in periodic ovens and present short-cycle anneal. The 
cycle shown for short-cycle anneal is 36 hours. This is 
because of current demand for castings. The cycle 
may be reduced and has been as low as 21 hours. 

The atmosphere in the annealing oven is important 
because of its effect on annealing time and surface 
characteristics of castings. We started with a generator 
supplying a gas high in hydrogen and this was un- 
satisfactory. Later a char gas generator was used with 
satisfactory results. Then we found that the furnaces 
were tight enough so that no generator gas was re- 
quired. We finally added quantities of air to the at- 


TABLE 3— MALLEABLE IRON CASTINGS 





Annealing Cycles 
Periodic Oven 


Heat to 1650 F 30-60 hr 
Hold at 1650 72-96 

Cool to 1400 12-24 Cool to 1450 $ 
Cool 1400-1000 48-72 Cool 1450-1300 15 


Total 162-252 36 





Short Cycle 


Heat to 1750 F 6 hr 
Hold at 1750 12 
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Fig. 7 (Lett)— Microstructure of ferritic malleable iron; Fig. 8 (Right) — Pearlitic malleable. Etch — Picral. Mag. — 250X. 


mosphere to obtain the desired composition. The at- 
mosphere will range about as follows: 

12-18 per cent 

7-10 per cent 


2-3 per cent 
2-3 per cent 


A nitrogen atmosphere has been found to be quite 
desirable in producing the desired surface character- 
istics and many malleable foundries have installed 
equipment for such an atmosphere. 

This foundry has learned the value of adequate 
process control for its various operations. Process con- 
trol procedures were established in 1947 and have 
been revised as required. Such procedures have been 
helpful in raising quality and lowering scrap. 


Pearlitic Malleable Iron 


About a dozen years ago we became convinced that 
pearlitic malleable iron had a definite place in the 


Fig. 9 (Left)— Fan hub casting in ferritic malleable iron; 
Fig. 10 (Right) — Track shoe in pearlitic malleable. 


farm machinery industry. So we carried on work to 
determine how to produce the material economically 
and we worked with our designing engineers to find 
suitable applications. 

The start was necessarily slow but the use of the 
material has grown. Today about 35 per cent of the 
production of our malleable plant is in pearlitic mal- 
leable castings. 

Pearlitic malleable is now made by a large number 
of malleable foundries and in many cases it represents 
a substantial portion of the tonnage. At one of the 
largest malleable plants approximately 50 per cent of 
the production is pearlitic malleable iron. 

The most popular method of producing pearlitic 
malleable iron is to use the same composition white 
iron as for ferritic malleable. After first stage anneal 
is completed the castings are air cooled or oil 
quenched and then tempered to the desired hardness 
range. Typical structures of ferritic malleable and 


Fig. 11 (Lett) — Pearlitic malleable iron litt arm; 
Fig. 12 (Right) — Pearlitic malleable iron steering arm. 
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Fig. 13 — Group of pearlitic malleable iron castings which 
replaced steel forgings. 


TABLE 4 — ASTM SPECIFICATIONS FOR 
MALLEABLE IRON 





Minimum Minimum 
Tensile Yield 
Spec. Strength, Strength, 
No. Grade psi psi 


Minimum 
Elongation 
in 2in., % 





Ferritic Malleable Iron 

A47-52 $2510 50000 $2500 10 
A47-52 35018 53000 $5000 18 
Pearlitic Malleable Iron 
A220-55T 45010 ! 5 
45007 68000 45000 

48004 70000 48000 

50007 75000 50000 

53004 80000 53000 

60003 80000 60000 

60002 100000 80000 


Typical Brinell Hardness Range 
Spec. No. Grade Brinell Range 


Do woes ATO 


A220-55T 45010 163-207 


45007 163-217 
48004 163-228 
50007 179-228 
53004 197-241 
60003 197-255 
60002 241-269 





Fig. 14 (Lett) — Pearlitic malleable iron crankshaft sprocket which was formerly machined from bar stock. Fig. 15 (Center) — 
Pearlitic malleable iron rocker arm which was formerly made as a forging. Fig. 16 (Right) — Pearlitic malleable differential case 
formerly made from ferritic malleable iron. 


pearlitic malleable irons are shown in Figs. 7 and 8. 
lable 4 shows the A.S.T.M. specifications for ferritic 
malleable and pearlitic malleable irons. An examin- 
ation of the A.S.T.M. specifications for pearlitic mal- 
leable iron will indicate there is room for consolida- 
tion. There are now seven grades. With some coop- 
eration among manufacturers and with help from 
users, the number of grades could be reduced sub- 
stantially. It would be helpful to the industry. The 
new §S.A.E. specifications under consideration include 
only four grades and this number may be sufficient. 


Fig. 17 (Lett) — Pearlitic malleable iron 4%2-in. diam diesel 

engine piston. Fig. 18 (Right) — Pearlitic malleable iron con- 

veyor wheel which is flame hardened to a hardness of 50 Rock. 
C min. 





Let us look at a few malleable and pearlitic mal- 
leable castings. 

Figure 9 is a fan hub casting in malleable. It re- 
placed a complicated weldment resulting in better 
performance and lower cost. 

Figure 10 is a pearlitic malleable iron track shoe. 
It replaced a steel forging resulting in lower cost. 

Figure 11 shows a pearlitic malleable iron lift arm 
for mounting attachments to a tractor. This part was 
designed for pearlitic malleable iron. 

Figure 12 is a pearlitic malleable iron tractor steer- 
ing arm produced at lower cost than the steel forging 
it supplanted. 

Now let us look at some castings from another 
foundry. Figure 13 is representative of a group of cast- 
ings which have replaced steel forgings. 

Figure 14 is a crankshaft sprocket in pearlitic mal- 
leable iron replacing steel bar stock. 

Figure 15 is a pearlitic malleable iron rocker arm. 
This replaced a steel forging and also eliminated a 
bronze bushing, which was needed for the forging but 
is not required with the pearlitic malleable. 

Figure 16 is a differential case. Pearlitic malleable 
iron replaced ferritic malleable iron which had ex- 
cessive wear. 

Figure 17 is a pearlitic malleable iron 414-in. diam. 
diesel engine piston used since 1939 on all GM diesel 
truck engines. 

Figure 18 is a conveyor wheel of pearlitic malleable 
iron. The rim is flame hardened to 50 Rockwell C 
minimum. 

Now we come to a casting which has had much at- 
tention. Figure 19 is the Pontiac crankshaft. It is 
shown as.a steel forging and as a pearlitic malleable 
iron casting. Please note the weights. More than 20 
million cast crankshafts have been used in automo- 
biles and this includes cast steel, pearlitic malleable 
and nodular iron. There appears to be a trend toward 
cast crankshafts because of less metal to be removed, 
better machinability, more flexibility in design, and 
lower overall cost. Interesting papers on forged and 
cast crankshafts were presented at the last annual 
meeting of S.A.E. It is one of the live subjects in the 
automotive industry. 

The Pontiac shaft as a shell-molded pearlitic mal- 
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leable iron casting weighs 64 lb and has a maximum 
section size of 314-in. The shaft is made to the follow- 
ing specification: 

Minimum tensile 

Minimum yield 


Minimum elongation ....... 2.0% 
Brinell hardness ........... 207-269 


Standard 0.505-in. tensile test bars, machined from 
journals and counterweights of the pearlitic malleable 
shafts gave 96,000 psi tensile and 228 Brinell hardness. 
A number of tests were made to determine the modu- 
lus of elasticity and these ranged from 24,300,000 to 
26,700,000 as compared with 29,500,000 for steel. 

Fatigue properties of the pearlitic malleable iron 
shaft were comparable to that of the steel shaft. One 
year’s field experience corroborated these results. Also 
the wear characteristics were satisfactory. 

Machining favors the cast crankshaft by a wide 
margin. On large production runs the increased tool 
life for the pearlitic malleable shaft ranged from 56 
per cent to over 200 per cent in the various opera- 
tions. Economy in machining is one of the principal 
factors in selecting the pearlitic malleable iron shaft. 


Nodular Iron Castings 

J. W. Bolton, in his 1943 AFS Lecture, made the 
following statements: 

“Your indulgence is requested to permit the posing of 
one question. Will real control of graphite shape be 
realized in gray iron? 

“Its amount can be controlled and considerable infor- 
mation is known about size and distribution. Visualize 
a material, possessing (as-cast) graphite flakes or group- 
ings resembling those of malleable iron instead of 
elongated flakes. We are accustomed to accept flake 
shapes. Such claims as have been made purporting to 
change them are not too convincing. At most any 
accomplishments in that direction are modest. 
“Dogmatists will say that absolute control of flake shape 
(or elimination of flake formation) is an impossibility. 
They will cite many reasons, real or alleged. What is an 
impossibility? That a thing has not been done does not 
make it an impossibility.” 

Mr. Bolton presented his lecture in April 1943. A 
few weeks later, in May 1943, in the International 
Nickel Company Research Laboratories, Keith Dwight 
Millis made a ladle addition of magnesium (as a 
copper-magnesium alloy) to cast iron and justified 


Dap LE ber petudt- 


Fig. 19— Automotive crankshatts; (A) Rough steel forging weighing 76 1b; (B) Machined forging weighing 58 Ib; (C) Shell- 
molded pearlitic malleable iron crankshaft weighing only 64 Ib; (D) Machined pearlitic malleable shaft weighing 54 Ib. 
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Fig. 20 — Flake and spheroidal graphite, respectively, in gray cast iron and nodular iron as-cast Mag.—50X approx. 


John Bolton’s prophecy. Mr. Millis was trying to find 
a substitute for chromium but he discovered how to TABLE 5 — NopuLar IRON PRODUCTION 
produce spheroidal graphite in cast iron. Figure 20 
shows gray iron and nodular iron as-cast. 

At the 1948 Annual Meeting of AFS, H. Morrogh Europe, Asia 


of British Cast Iron Research Association presented a U.S. Canada Japan andAfrica Total 
4235 585 $17 5137 





I. Production by Licensees in Tons 


paper on Nodular Cast Iron. This paper referred to ae yo aa a 
ladle additions of cerium to produce spheroidal graph- 1959 10032 789 7 8050 18878 
ite in hyper-eutectic irons. In the discussion of this 1953 16862 1034 1622 15257 34778 


paper, Mr. T. H. Wickenden of International Nickel 1954 18450 639 3610 24255 46876 


1955 33529 1170 9965 39373 84037 


Company revealed that his company had done work 
6 mon. 1956 26826 885 8472 23001 59184 


over a period of years and that they could produce 
spheroidal graphite in both hypo- and hyper-eutectic II. Estimated Ford Production for Crankshafts 
irons. 1950 770 tons 
Here we see the effect of extremely small quantities ron aa 
of material. The addition of a few hundredths of one 1953 62000 
per cent of magnesium to an otherwise soft, weak and 1954 60800 
brittle cast iron would convert the material into one FOF aaa a 
which would compare with steel and pearlitic mal- caieial 
leable in respect to strength and ductility. 





TABLE 6 — NoDULAR IRON SPECIFICATIONS 
Tensile Yield % 
Specifying Specification Class or Strength Strength Elongation 
Body Number Grade (min), psi (min), psi in 2 in. (min) Heat Treatment 
ASTM A339-55 80-60-03 80000 60000 3.0 As-cast condition 
60-45-10 60000 45000 10. Usually annealed 
ASTM A395-55T 60-45-15 60000 45000 15. Ferritizing anneal 
ASTM A396-55T 120-90-02 120000 90000 2.0 
100-70-03 100000 70000 3.0 
US. MIL-1-17166A 60-45-15 60000 45000 15. Ferritizing anneal 
Military (Ships) 
US. MIL-1-11466 Class 1 120000 90000 2.0 Quench and temper 
Military (Ordnance) 








Heat treatment required 


Class 2 100000 4.0 Quench and temper 
Class 3 85000 6.0 Quench and temper 
Class 4 80000 3.0 As-cast condition 
Class 5 60000 10. Ferritizing anneal 
Class 6 60000 18. Ferritizing anneal 








Fig. 21— Small car door lock component made in pearlitic 
malleable iron. 


Fig. 22 — Largest nodular iron casting ever made; 50-ton 
forging hammer anvil. 
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Fig. 23 — Nodular iron center frame for 1300-hp diesel en- 
gine; casting weight 6100 Ib. 


Today nodular iron, also known as “ductile iron” 
and “SG (spheroidal graphite) iron”, has become an 
important commercial product. Let us look at some 
production figures as shown in Table 5. 

It is estimated that the total world-wide production 
of nodular iron for 1956 was approximately 250,000 
tons. This is a remarkable production record for a 
new material. 

Nodular iron has received considerable attention 
from the various specification making bodies and a 
summary of these specifications is shown in Table 6. 

It will be noted that the tensile properties are com- 
parable to those of pearlitic malleable iron. However, 
the modulus of elasticity is lower due to the higher 
carbon content of nodular iron. The modulus of elas- 


Fig. 24 — Nodular iron coke oven door weighing 4000 Ib. 
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Fig. 25 (Above) — Nod- 
ular iron farm machinery 
castings. 


Fig. 26 (Lett) — Nodular 
iron wheel weighing 600 
Ib. 


ticity for nodular iron would be in the range of 22 
to 25 million. 

One of the advantages of nodular iron is that it can 
be used over the widest range of section sizes. Figure 
21 is an example of a small casting, a component of 
a car door lock. Figure 22 is one of the largest nodu- 
lar iron castings ever made. It is a 50-ton forging 
hammer anvil. Figure 23 is a center frame for a 
1300-hp diesel engine and the casting weighs 6100 Ib. 
Figure 24 shows coke oven door weighing 4000 Ib. This 
replaced bolted construction of cast iron plate and 
cast steel lugs because of its good resistance to oxida- 
tion and warpage at elevated temperatures. 

Figure 25 shows group of castings produced by one 
of the large manufacturers of farm machinery. This 
company is revamping one of its foundries for the ex- 
clusive production of nodular iron. Figure 26 is a 
600-Ib nodular iron wheel. First a fabricated steel 
wheel was used and then was replaced by a cast steel 


Fig. 28 (Above) — Nod- 
ular iron rolling mill 
rolls. 


Fig. 29 (Right) — Fabri- 
cated steel weldment 


(Right) was replaced by 
a _ shell-molded nodular 
iron casting (Left). 


Tensile Yield Elong in Elastic 
Strength, Strength, 2in., R.A. Modulus 
psi psi % wy 4 psi x 106 


87,600 73,000 l I 22.8 





89,000 71,300 


104,000 78,700 23.6 269 — ; 
i 


Fig. 30 — As-cast mechanical properties from three sections of 
crankshaft (cast vertically). 


wheel. The nodular iron wheel resulted in a 47 per 
cent savings in cost over the cast steel wheel. Figure 
27 is a 26-ton cross rail casting for a planer type mill- 
ing machine. Nodular iron was selected because of its 
high strength and stiffness as compared to gray iron. 
Figure 28 shows a group of nodular iron rolls. Figure 
29 shows a crank used on a farm implement. The 
fabricated steel weldment was replaced by a shell- 
molded nodular iron casting. Here is another case 
where a casting did a better job and at lower cost. 


Fig. 27 — Nodular iron 26-ton cross-rail casting for a planer-type milling machine. 





Fig. 31 — Jet engine bearing support with inner and outer 
rings made of austenitic nodular iron. 


Now we come to the best known and largest tonnage 
casting in nodular iron. It is the Ford crankshaft 
(Fig. 30). Results of tensile tests taken from bars cut 
from various locations are shown. 


The Ford crankshaft is produced by shell molding 


and the finished shaft shows a large savings over the 
cast steel shaft formerly used. 
Nodular iron has an advantage over pearlitic mal- 


Fig. 32 — Nodular iron heavy-duty diesel engine truck liners. 
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leable iron for crankshafts since it does not have the 
section size limitation and the yield is much higher. 
The yield in pearlitic malleable iron is about 38 per 
cent while in nodular iron it is over 50 per cent. 

A nodular type of austenitic cast iron has been 
developed for use where a higher strength material is 
desired. The tensile strength is higher because of the 
spheroidal graphite structure. Figure 31 is a jet engine 
bearing support. The inner and outer rings are made 
of austenitic nodular iron. This fabricated structure 
was substituted for an aluminum forging. The result- 
ant cost was about one-sixth of the cost of the forging. 

Figure 32 shows a group of heavy duty diesel engine 
truck liners. Figure 33 shows an 8-in. general purpose 
valve. The nodular austenitic iron was substituted for 
12 per cent chrome steel for better corrosion resistance 
at reduced cost. 


Fig. 33 -— General purpose’ valve 
made of austenitic nodular iron. 


The Cupola 


The principal melting unit used for gray iron, white 
iron, malleable iron and nodular iron is the cupola. 
Many changes have taken place in the cupola and its 
appurtenances during the past few years. Many im- 
portant developments have taken place in this country 
and abroad. Dr. James T. MacKenzie presented the 
1947 Hoyt Lecture on the subject of “The Cupola 
Furnace” and he gave a comprehensive survey of the 
development of the cupola. (See AFS TRANSACTIONS, 
vol. 55, p.1.) In 1954 the AFS published THe Cupoita 
AND ITS OPERATION and many recent developments are 
described. And there has been more work done since 
1954. It is quite likely that, because of its wide appli- 
cation over many years, the cupola has had more 
attention than any other melting furnace. 

We have heard so much about basic and acid oper- 
ation, hot blast, water-cooled melting zones, and pro- 
jecting tuyeres that it may be of interest to trace the 
development of cupolas in one large foundry organiza- 
tion. 

This company wanted to make, for economic rea- 
sons, a high carbon iron from a cupola charge of steel 
and cast scrap. So a water-cooled basic cupola was con- 
sidered. An extensive study was made by several in- 
vestigators of operations both in this country and 
abroad. A total of 34 man-weeks were spent in Europe 
studying cupola operations in England, Germany, 
France, Holland, Switzerland and Belgium. The pos- 
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sible production of nodular iron was considered and 
it was believed that basic operation would produce 
the desired base metal. 

So a basic cupola was designed with high tempera- 
ture (800-1000 F) externally fired, hot blast and other 
special features. This cupola went into operation in 
February, 1951. Vertical section of the cupola is shown 
in Fig. 34. Water cooling of melting zone was by 
means of 60 tubes arranged in the form of a trun- 
cated cone. There were 12 tuyeres opening into a 
continuous tuyere. 

Trouble was experienced with secondary melting 
zone, basic refractories, and leaks at bottom bends of 
tubes. So the first revision in design was made in 
June, 1951. This is shown in Fig. 35. The tubes were 
made parallel to the shell. Twelve water-cooled oval 
tuyeres projecting into the cupola were used. These 
tuyeres were horizontal and on numerous occasions 








—— ee )=—té«& i, 34 — Basic, woatteer- 
TUYERE RATIO (66m 1D) oar 

TOP OF TUYERES TO CHARGING DOOR 14-10" cooled, hot-blast cupola 
METAL CHARGES 2000.88 (original design). 
SPACE GETWEEN Tuses-Tor 1 

SPack SETwEEN TusES-soTToM 





there was an accumulation of slag, and sometimes 
iron, in the tuyeres. Leaks developed close to the 
nose of the tuyeres. 

So a second revision was made as shown in Fig. 36. 
The tuyeres passed through the shell and lining on a 
1214-degree down slope. After this revision refractory 
practice was changed drastically. Basic refractories had 
proven unsatisfactory for long continuous melting and 
the use of carbon block and carbon monolithic linings 
were adopted. Carbon paste was used in the well of 
the cupola, the breast, and for the lining of the front 
slagging spout. A test run of 168 continuous hours 
was made with a strongly basic slag. 

The third revision involved the removal of six of 
the oval tuyeres. Before doing this, test runs had been 
made blocking off various combinations of tuyeres. 
The reduction in number of tuyeres reduced the tu- 
yere ratio from 11.4 per cent to 5.7 per cent. 








Fig. 35 — Basic, water- 
cooled, hot-blast cupola 
(first revision). 
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Fig. 36 — Basic, water-cooled, hot-blast cupola (second re- 
vision). 


The fourth and final revision is shown in Fig. 37. 
The oval tuyeres were replaced by six 6-in. diam 
tuyeres which reduced the area to 169 sq in. and re- 
sulted in a tuyere ratio of 2.8 per cent. 


With the reduction of tuyere area as indicated by 
these revisions, the melting rate was increased from 
25 tons to 40 tons per hour. The coke ratio between 
charges was reduced from 14.3 per cent to 7.5 per 
cent of the metal charge and the metal temperature 
at the spout is in excess of 2800 F. 


The experience gained by operating this cupola 
and making the various revisions enabled the organ- 
ization to design and build two other cupolas which 
are simpler in design. Projecting water-cooled tuyeres 
are used with ratio of tuyere area to cupola cross- 
section area about 2.4 per cent. Instead of using 
tubes inside the cupola for water cooling, spray noz- 
zles apply water to the shell of the cupola. 


Melting of Nodular Iron 


It was thought that the basic cupola, using high 
percentages of steel and little or no pig iron, would 
have distinct advantages over the acid cupola for the 
production of nodular iron. There was no difficulty 
in producing irons with 0.02 to 0.04 per cent sulphur 
at the cupola spout, but the carbon content was in 
excess of 4 per cent. In heavy section castings this 
high-carbon level may be harmful since it may result 
in carbon segregation on the cope side of castings and 
have serious effects on mechanical properties and sur- 
face finish. Furthermore, much of the steel scrap con- 
tained tramp elements which were subversive in the 
production of nodular iron. Also, the basic cupola 
presents a control problem in melting and wide var- 
iations in carbon and silicon may be expected. 


Experimental work with carbide injection outside 
the cupola has shown that satisfactory reduction of 
sulphur could be obtained. So it was decided to go to 
acid operation of the cupola used for nodular iron. 
The results have been satisfactory. 
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Fig. 37 — Basic, water-cooled, hot-blast cupola (fourth and 
last revision). 


The carbide injection process, carried on outside 
the cupola, can reduce the sulphur content to less 
than 0.02 per cent. 

Sulphur removal is more effective at higher metal 
temperatures. Also, subsequent treatment to convert 
the graphite to spheroidal form, inoculation, reladling 
and pouring the castings, all result in loss of metal 
temperature. Since it is desired to have a minimum 


pouring temperature of 2550 F it is necessary to have 
hot iron coming from the cupola. With a metal to coke 
ratio of 8 to | and with air blast temperatures in the 
range of 850-950 F, metal is tapped from the cupola 
at 2950-3000 F. 


The cupolas are of the front-slagging type and the 
metal flows continuously through two chambers, in 
series, where calcium carbide is injected. The total 
weight of calcium carbide is 1.0-1.5 per cent of the 
weight of the metal treated. The sulphur is reduced 
from 0.08-0.10 per cent to less than 0.02 per cent. 

Tests are made on each ladle of iron and castings 
poured from each ladle are held in lots until tests 
are completed. If test results are unsatisfactory, the 
castings are scrapped. 

At this foundry there is very careful process control 
to insure nodular iron castings satisfactory for service. 
The control includes the following: 

1. Gating, risering, composition and temperature 
control. 

2. Extensive destructive testing of castings for 
proper gating, risering and metal properties 
before starting production. 

. Keel block and transverse test bars are poured 
from each ladle and the castings are held by 
ladle number until released by metallurgical 
department. 

4. Brinell hardness tests are made at strategic 
locations on critical castings before the castings 
are released from their ladle identification. 

5. After casting goes into production, destructive 
tests are made at regular intervals. 
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such process control is expensive but necessary to 
produce nodular iron castings of desired quality. 

[ have cited these developments to indicate how one 
organization has solved its melting problems. It should 
be realized, however, that availability and cost of raw 
materials must be considered in the selection of ma- 
terials and melting practices. What may be econom- 
ical in one location may be wasteful in another. 


Automation in the Foundry 

We hear so much now about “automation”. It is 
really nothing new. It means simply a continued de- 
velopment of equipment and methods resulting in 
greater production per man-hour. So there has been 
much of this “automation” in the foundry. And the 
buyer of castings wants a product that will meet his 
requirements for “automation”. 

These requirements may include closer dimensional 
tolerances, less finish, better finish, uniformity in ma- 
chining, and fewer scrap castings. 

Much can be done in the foundry by better applica- 
tion of present methods. Also, new methods are stud- 
ied and applied wherever justified. Some of these 
newer methods are shell molding, CO, process, high- 
pressure molding, and diaphragm molding. Of these, 
shell molding has had the greatest attention and has 
proven its value in many applications. The AFS has 
recognized the importance of shell molding to the 
industry by awarding to its inventor, Dr. Johannes 
Croning, the Penton Gold Medal. 

It may be of interest to relate the story of one shell 
molding foundry producing gray iron and nodular 
iron castings. This foundry produces castings ranging 
from 2 oz in weight and 5%,-in. wall thickness to 177 
lb in weight and 2-in. wall thickness. 

After considerable study, both in this country and 
abroad, a pilot plant operation was started in October 
1951. Two graduate engineers were employed as op- 
erators. The staff was gradually increased to 13 men 
under the supervision of the technical department. 
During the period of pilot plant operation consider- 
able experimental work was done on equipment, 
sands, resins and back-up materials. 

A year later a decision was made to build a shell 
molding production foundry. The foundry was built 
and production started in 1954. An increasing num- 
ber of applications, in both gray iron and nodular 
iron, have been found. Both shell molds and shell 
cores are produced. The capacity of the foundry is 
12 tons of metal poured per hour. With a yield of 67 
per cent this gives 8 tons of castings per hour. 





Fig. 38 (Lett) — Gray 
iron sheave used in heavy 
road machinery. 


Fig. 39 (Right) — Farm 

implement casting (Left) 

made in green-sand mold, 
(Right) shell mold. 
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In each case there is an advantage in shipping 
weight or machining cost or both. Also there is better 
appearance as well as closer dimensional control. In 
each case it is the end cost which determines whether 
a casting will be made by the shell process. 

Let us look at a few of the castings which illustrate 
the value of shell molding. Figure 38 is a gray iron 
sheave used in heavy road machinery. By the use of 
shell cores the V-belt grooves were formed. These 
were absent in the original casting. The original cast- 
ing weighed 64 lb while the shell-molded casting 
weighed 46 Ib. Finish stock for machining was re- 
duced from l4-in. to \4,-in. The end ‘cost of the 
shell-molded casting was less than that of the green- 
sand mold casting. 

Figure 39 is a farm implement casting with the cast- 
ing on the left made in a green-sand mold and the 
one on the right by shell-mold process. There is less 
shipping weight and lower machining cost. 

Figure 40 is a gray iron cam shaft gear. Casting on 
left was made in a green-sand mold while the casting 
on right was shell molded. The machined piece is in 
the center. With the shell-molded casting it was possi- 
ble to eliminate machining on three surfaces. Also, 
the finish was less. This casting requires balancing and 
less balancing was needed for the shell molded job. 

Figure 41 is a tractor casting in green sand and in 
shell molding. The difference in appearance should 
be noted and the shell molded casting is lighter. Fig- 
ure 42 shows both castings after machining. 

Figure 43 is a gray iron crankshaft produced in 
a green-sand mold and by shell molding. It is apparent 
that the shell-molded casting has better appearance, 
weighs less, and requires less machining. 

Shell-molded nodular-iron castings for crankshafts 
have replaced steel forgings in many cases and with 
substantially lower cost. An important factor has been 
the lower machining cost for nodular iron. 

The experiences at this foundry have been de- 
scribed because they illustrate the desired steps in the 
introduction of a new process: (1) thorough study of 
existing information, (2) experimental work, (3) pilot 
plant operation, and (4) full-scale production. 

Shell molding is no panacea for the foundry in- 
dustry. Each case must be studied carefully. Shell 
molding should be applied only where production 
quantities and end costs justify such a course. 

It is necessary to use all the tools available to de- 
velop quality in castings. Then it is advisable to safe- 
guard the quality with adequate process control. The 





Fig: 40 — Gray iron camshaft gear (Left) made in green-sand 
mold, (Right) shell mold. Machined gear also shown. 


progressive foundry studies its methods and records all 
its procedures. Then there must be sufficient check 
up to make sure that the prescribed methods are 
used. When changes are required the written pro- 
cedures are modified. Such process control reduces 
errors and helps to produce quality castings. 

A few months ago M. F. Garwood, Chief Engineer- 
Materials of Chrysler Corporation talked to the Mich- 
igan Regional Foundry Conference on the subject of 
“Castings’ Destiny in the Automobile of Tomorrow”. 
Most of his talk is applicable to general industry as 
well as the automobile industry. Let me quote him. 


“The future of castings, your future, in our industry 
depends on many things — design, cost, quality, and 
service, to name a few of the more important. You have 
heard some of the changes and also learned about some 
of the contemplated applications. You have observed 
that we are continually reviewing new materials for old 
applications and old materials for new applications. 


“Due to constant changes in materials and methods, 
there is no assurance that changes in design or other 
fundamental considerations such as cost, quality, or 
service will not drastically affect the current upward 
trend for your particular product. This is one of the 
most interesting aspects of materials engineering. Because 
of continual changes and improvements in materials 
and processes, our jobs are never static. No sooner do 


Fig. 41 — Gray iron tractor casting made in green-sand mold 
(Left), and shell mold (Right). 
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Fig. 43 — Gray iron crankshaft produced by green-sand mold- 
ing and also shell molding. 


we believe we have selected the optimum material or 
process for an automotive component than one’s think- 
ing is modified or reversed by some new innovation. 
“You are, and will be, in hotly-contended competition 
with wrought metal producers, with other foundry 
products, with plastics and a great many more non- 
metallic materials. To maintain your position, you must 
continue to keep ahead of your competitors.” 


The progressive foundry makes a study of important 
castings and makes suggestions on the improvement 
of quality and reduction in cost. Some foundries are 
using such tools as stress analysis to develop better and 


cheaper designs. 

Progress in casting has been tremendous in the 
past 25 years. But it will be necessary to have more 
rapid progress in the years to come because competi- 
tion of other materials and processes is becoming more 
keen. I am sure that the American Foundry Industry 
will meet this challenge successfully. 


The author acknowledges help received from many sources 
in preparation of this lecture. He is particularly grateful to 
Eric Welander of Deere & Co., H. A. Deane of Campbell, Wyant 
and Cannon Foundry Co., T. W. Curry and W. W. Levi of 
Lynchburg Foundry Co., C. F. Joseph of Central Foundry, 
Division, General Motors Corp., W. R. Bean and W. R. Jaeschke 
of Whiting Corp., and K. D. Millis, K. A. DeLonge and K. H. 
Kirgin of International Nickel Co. 


Fig. 42 — Showing castings of Fig. 41 after machining. 





HEALTH AND SAFETY IN FOUNDRIES 


By 


Sir George Barnett* 


It is evident from the title that the subject can be 
conveniently divided into two main sections, as fol- 
lows:— 


(a) Health hazards, which may be defined as 

those which cause industrial disease and sick- 
ness and which, particularly in foundries, 
are caused mainly by atmospheric contam- 
inants, such as dust and fumes. 
Safety hazards, which for the purpose of 
this paper may be defined as hazards which 
are liable to cause an immediate accident re- 
sulting in one or more of the following types 
of injury, namely, burns, fractures, lacera- 
tions, abrasions or bruises, that is to say 
any bodily injury other than that caused by 
disease or sickness. 


Before considering these two types of hazards in 
any further detail and with particular reference to 
foundries, it might be useful to indicate briefly how 
the general problem is approached in the United 
Kingdom, and here again, two main divisions are 
self-evident— 


(a) precautions which are required by law, and 
(b) voluntary activities directed toward preven- 
tion of accidents and disease. 


(a) Legal Requirements: 

These are based mainly on the (British) Factories 
Acts of 1937 and 1948, which apply to all factories 
in the country. They are supplemented by numerous 
codes of regulations for dangerous trades which apply 
only to the appropriate factories where such work is 
carried on. These requirements cover matters affecting 
safety, health, welfare and the hours of employment 
of women and young persons. These provisions are 
administered by the Factory Department of the 
Ministry of Labour and National Service, which con- 


*Chief Inspector of Factories, Factory Dept., Ministry of Labor 
and National Service, London, England. 
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sists of some 350 Inspectors, the majority of whom 
are engaged on routine inspection and advisory work 
in allocated districts, with specialist branches con- 
sisting of mechanical and electrical engineers, chemists 
and doctors, based at headquarters. 


(b) Voluntary Measures: 


It is interesting to note, in passing, that factory 
legislation, although not always in its present some- 
what complicated form, has been in force in the 
United Kingdom for many years. The Factory Inspec- 
torate, which was originally part of the Home Office, 
celebrated its centenary 24 years ago. This long ex- 
perience has shown that it is not sufficient merely to 
enforce the law. In order to make progress good firms 
must be encouraged to do more than the minimum 
legal requirements. Much good work in this respect 
has been and is being done by organizations such 
as:— 


(a) The Royal Society for the Prevention of Ac- 
cidents. This Society covers all branches of 
accidents, including those which occur on the 
roads and in the home; it has, however, a 
progressive Industrial Accident Prevention 
Branch, which provides an excellent advis- 
ory service with suitable safety propaganda 
and arranges series of lectures and courses 
of instruction for representatives of member 
firms throughout the country. 

Accident Prevention Committees of National 
Organizations of the various Employers’ As- 
sociations and Joint Industrial Councils. 
Accident Prevention Committees formed in 
individual plants or groups of plants. 

Joint Advisory Committees and Joint Stand- 
ing Committees set up by some of the au- 
thor’s predecessors and himself, consisting of 
representatives from employers and employ- 
ees in various industries, together with mem- 
bers of the Factory Department. The main 
object of these committees is to examine 
health and safety problems in particular in- 
dustries and to investigate any new hazards 
which arise as a result of new developments. 





(e) Industrial Research Organizations. The main 
object of such organizations is, of course, 
improved production but much valuable 
work in health and safety has been done by 
them, and indeed, if approached in the 
right way, improved production should result 
in improved health and safety. 


It will be evident, even from this brief summary, 
that considerable effort, much greater than is re- 
quired by legal considerations only, is being directed 
toward reduction of accidents and industrial disease. 
This is of great assistance to the Factory Inspectorate 
and has, in fact, resulted in a considerable change 
in the technique of inspection during recent years. 
The work has become more of an advisory nature 
and less of enforcement, although a certain amount 
of the latter is still necessary to bring some of the 
less cooperative firms up to the minimum standards. 


The Problem in Foundries 


The general requirements of the Factories Acts 
regarding health and saiety apply to all foundries, 
but, by virtue of the nature of the work certain 
hazards in this industry are greatly accentuated and 
it was found necessary to introduce a code of special 
regulations, namely the Iron and Steel Foundries 
Regulations which came into force in 1953 to sup- 
plement the requirements of the Acts. 


It may be of interest to describe briefly how these 
Regulations came into being, since they are the re- 
sult of the cooperation between employers, the trade 
unions and the Factory Department to which ref- 
erence has already been made. 


Up to the last war, most foundries were dirty and 
untidy, and the accident rate for the industry was 
one of the highest in the country. These conditions 
had come to be regarded as typical of the industry, 
and lower standards had to be accepted for the 
time being. Conditions imposed by the war, par- 
ticularly as a result of the black-out and consequent 
lack of ventilation, together with greatly increased 
production and the increased use of power-driven 
tools, made things much worse. It was clear that 
if these conditions were allowed to continue in the 
period of full employment after the war the foundry 
industry would find great difficulty in obtaining suf- 
ficient labor. 


A Joint Advisory Committee was, therefore, set up 
in August, 1956, to investigate the problem in iron 
foundries and to make any recommendations which 
appeared necessary. This Committee, after a thorough 
investigation, produced a comprehensive report, 
which was published in 1947. Many of its recom- 
mendations appeared to be quite revolutionary to 
some branches of the industry, but in fact they con- 
tained nothing that had not been shown to be prac- 
ticable by some of the more progressive firms. The 
recommendations were eventually accepted by both 
sides of the industry and later also by the Steel 
Foundry Industry. The principal recommendations 
were made into legal requirements in the form of 
the Iron and Steel Foundries Regulations, 1953. 
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PART I 


Health 


Control of environment in modern foundries is < 
particularly difficult matter. The processes may re 
sult in the atmosphere becoming contaminated witl 
large quantities of dust and fume and in summer 
temperatures may rise unduly, especially in certain sec 
tions of the non-ferrous industry. The problem 
encountered by reason of these facts led to the setting 
up in Great Britain of Joint Standing Committees 
as already indicated, so that the widest possible range 
of knowledge could be co-ordinated in an effort to 
improve conditions in foundries. Iron, steel and non 
ferrous foundries all have separate committees and a 
series of reports has already been published.1-7 


The work of these committees, which is still pro- 
ceeding, has led to original ideas and new develop- 
ments of many kinds. The industry as a whole is 
engaging in a persistent attempt to improve the con- 
ditions which it offers to those who are employed in 
it. While much detailed experimental work is still 
in hand, certain general conclusions have appeared 
from the work. Perhaps one of the most important 
of these is that the whole subject is much broader 
than had been supposed. The appreciation of this 
point has led to a fruitful cooperation between chem- 
ists, metallurgists, physicists, physicians, foundrymen, 
engineers and ventilating engineers. 

There has been a tendency in foundries to apply 
general ventilation and to use it in isolation from 
the other methods of dust suppression. It is certain, 
however, that the general ventilating system and the 
local exhaust units form complementary parts of a 
single system, and they should always be integrated 
at the design stage in a new building. As a matter 
of normal practice, the local exhaust ventilating 
units should be designed first to collect as much 
dust or fume as possible from its point of origin, 
so that the general ventilating system can then be 
used to deal with nothing more than the atmospheric 
pollutants that have been missed by the local units. 
The general ventilating system should never be used 
to scavenge the atmosphere of the room that has been 
polluted, because it is doubtful if it will do so; but 
even if it did, the impurities would be present in the 
atmosphere being breathed by the occupants of the 
room before being extracted. 


Clearly if the local exhaust systems are efficient, 
the general system will have to deal with much smaller 
quantities of air. Introduction of new local exhaust 
ventilating units into an existing plant makes it dif- 
ficult to balance the local system against the existing 
general system, but this should always be attempted. 
There is still far too little known about balancing of 
ventilating systems in foundries, and the problem is 
a particularly difficult one. This difficulty arises 
from the many point sources of heat which are 
present in most foundries and which give rise to 
fairly heavy convection currents. 

In general, the convection will be upward, but the 
fumes cool as they rise and decelerate as they cool, 
so that they may finally level out in a horizontal layer. 
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If the roof extraction system is above this layer, it 
will extract it very slowly, if at all. In addition to 
the natural cooling of the fumes they may meet 
coid walls at the top of a building or a cold roof, 
when they will be chilled immediately. In this case 
they may be chilled so rapidly that they begin to 
fail again, so that roof fans will be trying to lift 
fumes which are naturally falling. 

The rising fumes are also affected, however, by 
the many sources of heat in the foundry. These heat 
sources may be fixed, as in the case of furnaces, or 
they may vary in position from time to time as do 
piles of hot castings on the floor, or heavy castings 
in the floor. On the other hand, they may be mov- 
ing continuously on a belt conveyor. Wherever they 
are, they will set up cross drafts, sometimes of rel- 
atively high velocity, which will certainly influence 
the general upward convection in the foundry. All 
this means that much fundamental information is 
still needed if the efficiency of foundry ventilating sys- 
tems is to be accurately predicted before they are 
built. 


Dust and Fume Suppression 


One result of the British work over the last decade 
has been that the terms “dust suppression” and “fume 
suppression” are now used to indicate all the methods 
by means of which objectionable atmospheric pol- 
lutants can be removed from the breathing zone. 
There are many such methods, but they all fall into 
one of three general classes:— 


(1) Elimination of the dust or fume. 

(2) Elimination of the dangerous fraction of the 
dust or fume. 

(3) Control of the dust or fume. 


Elimination of the pollutant should always be the 
primary object. It is, quite clearly, the most difficult 
way of approaching the problem, but in any process 
in which it can be done it offers a complete and 
final solution. For this reason it is receiving an in- 
creasing amount of attention in the founding in- 
dustry. 

The dust clouds which are present in foundries 
consist of a mixture of different materials. Some of 
these materials may be specifically dangerous to health 
while others may be relatively innocuous. If, there- 
fore, it is not possible to eliminate the dust cloud, 
it is always worthwhile to eliminate the dangerous 
fraction of the cloud. This method of dust and fume 
suppression has also been used in foundries. 

When the more positive elimination techniques 
have been applied as far as possible, most foundries 
will still contain heavy concentrations of dust and 
fume and these will have to be controlled. The con- 
trol methods will often be the only practical methods 
available. Much work has been done in the last 
ten years in Great Britain in an effort to improve 
existing control methods and to devise original ones 
where no suitable method has been known. 


Particle Size 


The dust clouds which appear in foundries con- 
tain large numbers of particles which vary greatly 
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in size. General good conditions demand the con- 
trol of all sizes, but protection against health hazards 
will only be attained by suppression of those par- 
ticles which are small enough to be breathed. 

It is normally assumed that the respirable size range 
contains all those particles which are less than 10 
microns* in diameter. Research and development 
work which has been done in connection with dust 
control methods has, therefore, been primarily con- 
cerned with control of particles which are less than 
10 microns in diameter, because it has been agreed 
in Great Britain that the major object of the work 
is to protect the health of the workers. 

It is, therefore, a matter of great importance that 
engineers who are designing dust control equipment 
should know the efficiency of the equipment with- 
in the respirable size range. It is for this reason 
that the efficiency of dust collectors as measured by 
weight is practically meaningless, because in a cloud 
containing a few large particles among many small 
ones, the efficiency by weight would be high if the 
large particles only were controlled. 

The particles of respirable size range are so small 
in most foundries that it would make little difference 
to the weight of dust collected whether they were in- 
cluded or not. Consequently, the efficiency of dust 
control units can only be satisfactorily estimated by 
counting the number of particles that can be sup- 
pressed within the respirable size range. 


Estimation, Observation and Photography of Dust 


Sampling Methods 

Work on dust determinations was begun as a re- 
sult of a medical investigation’ and the findings of 
the Iron Foundries Committee.* Standard methods 
of dust estimation involve expert knowledge and ex- 
penditure of so much time that it was considered im- 
practicable to undertake any extensive survey of con- 
ditions in British foundries by means of these methods. 
In consequence, the Committee® suggested that the 
“possibility should be explored of using some quick 
and simple method which would enable rough com- 
parisons to be made between similar conditions in 
different foundries with a view to arriving at some 
empirical standard based on the lowest dust con- 
centration found in practice.” 

A rapid estimation method was, therefore, devel- 
oped.®.1° The main object was to attain large num- 
bers of sufficiently accurate samples within a rea- 
sonably short time. The Owens Jet Counter was 
selected as the sampling instrument,1! this being 
a “snap” sampling instrument, although it was real- 
ized that this method of sampling had certain dis- 
advantages. A general survey of conditions in a rep- 
resentative group of foundries was then begun and 
some of the results were published.12 

The experience so gained indicated that the method 
was sufficiently accurate for the purpose for which it 
had been developed.13 In accordance with the sug- 
gestion made in the original work®.19 the dust 


*] micron = 


millimeter = 
25 
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concentrations were reported in group numbers in 
which the dust concentrations between adjacent steps 
were arranged in geometrical progression. Large num- 
bers of samples were obtained and studied statistically, 
when it was concluded that the “analysis of counts ex- 
pressed in group numbers was probably the more 
satisfactory procedure for the establishment of dust 
levels.” 14 

This method has now been widely used in foundries, 
both in an effort to obtain dust levels12-14,15.18 and, 
a quick check on progress in the development of 
particular dust control systems.16.17 Since the early 
days of the work much more thought has been given 
to the two problems of measuring dust concentra- 
tions and assessing the meaning of the measurements 
so obtained. A recent paper19 has described efforts 
to make the thermal precipitator an automatic and 
continuous instrument and also investigations into 
the performance of an instrument based on the Hexlet 
design.2° The paper!® also discusses the use of a 
nephelometer or an absorptiometer to estimate the 
sample after it has been collected. 


Observation and Motion Picture 
Photography of Dust 

Early work using the rapid dust estimation tech- 
nique? produced certain anomalous results!18 which 
indicated that the dust concentrations in the breath- 
ing zone of the operator at certain pedestal grinders 
was unaffected by conventional local exhaust systems 
if the particles counted were restricted to those 
within the respirable size range. It appeared, there- 
fore, that the ventilating system was not controlling 
the dust which is dangerous to health and which is 
invisible in ordinary lighting conditions. 

It was, therefore, decided that it was essential to 
see the movement of dust clouds which were com- 
posed of particles which are so small as to be in- 
visible in ordinary conditions. A new technique was, 
therefore, developed21 by means of which these dust 
clouds could be both seen and recorded on motion 
picture film. This method has made it possible to 
trace the locus of moving dust clouds so that ven- 
tilating systems which are required to control dust 
and not air can now be designed on the movement 
of the dust and not on the movement of air, as was 
done in the past. 

When a beam of light is passed through a sus- 
pension of a finely-divided solid in a liquid or gas, 
the scattered light makes the path of the beam easily 
visible if the experiment is done in darkness with 
the beam itself providing the only source of illumina- 
tion. It is known that this Tyndall beam is sensitive 
to relatively low concentrations of small particles, and 
many of the optical effects have been investigated 
theoretically. Tyndall himself showed that when the 
particles were smaller than the wave lengths of light, 
the scattered light was blue in color and the trans- 
mitted light was red. Rayleigh evolved a general 
expression for the phenomenon showing that with very 
small particles the scattering was symmetrical. He also 
showed that at an angle of 90 degrees to the in- 
cident beam, the scattered light was completely pol- 
arized. 
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Mie extended the work to larger particles and 
showed that more light is scattered in a forward di- 
rection as the particle size increases, and that the 
plane of maximum polarization also moves forward 
toward the exit direction of the beam itself. The 
theoretical work is valid only for particles within a 
narrow-sized range and, as this condition would not 
be met in normal foundry practice, the method has 
been used on a qualitative basis only. Assuming 
that sufficient care has been taken to avoid glare, 
the optimum position from which to observe the dust 
clouds is such that the line of vision makes an angie 
of about 10 degrees from the axis of the beam, when 
the observer is looking up the beam, toward the 
light source. 

Early work21 showed that dust clouds which were 
completely invisible in ordinary light could easily be 
seen in the light beam of a 5,000-watt lamp, and it 
was also found that clouds could be recorded on a 
35-mm motion picture film if the camera were 
focused on the cloud looking up into the beam, care 
being taken to avoid glare in the camera. The work 
was published in 1951, and it has been successfully used 
for an extensive series of development projects. All 
the dust photographs in this paper have been taken 
from the original 35-mm motion picture negatives 
which were used in the development work. 


Fig. 1—Fine dust cloud 

rising from pneumatic chisel. 

No exhaust ventilation in 

use. (Photo by courtesy of 

Institute of British Found- 
rymen.) 


Figure 1 shows the dust of respirable size rising 
from the point of a pneumatic chisel and is, in fact, 
a reproduction of one of the earliest photographs 
that were taken by this method. The technique has 
been used in mines as well as in foundries,22 much 
of the work being done by means of a 2,000-watt 
spot lamp and a 35-mm camera. It has also been 
shown that satisfactory photographs can be taken 
by means of 16-mm cameras and with lamps as small 
as motor car spot lights operated from 12-volt bat- 
teries.22 

The resulting motion picture film can be run as 
a normal motion picture or it can be studied frame 
by frame, which has the effect of stopping the moving 
dust cloud so that detailed observations can be made 
when these are necessary. Finally, photographs have 
also been taken with a high speed motion picture 
camera to give slow motion pictures of dust clouds 
and vortices which were moving too rapidly for ob- 
servation at normal speed. 
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Suppression of Dust — Elimination Methods 


It has already been mentioned that elimination of 
dust represents the best method of dust suppression. 
It is also generally the most difficult method to ap- 
ply; it frequently requires fundamental research work 
before it can be done and the process may have to 
be changed completely if the product is to be made 
without the incidental dust cloud which is so often a 
concomitant of traditional processes. The foundry 
industry in Great Britain is, therefore, giving con- 
siderable thought to the development of processes 
which will eliminate dust and fume, even although at 
present these processes can only be expected to be 
suitable in a somewhat narrow range of the Industry. 


One obvious way of reducing the amount of dust 
in the cleaning room is to reduce the amount of 
cleaning by producing castings with a surface finish 
so good that cleaning becomes unnecessary. This is 
true of all foundry processes, but it is particularly 
difficult in steel founding, where the high casting 
temperature results in “burnt on” sand. The British 
Steel Castings Research Association engaged in and 
sponsored much original work in an attempt to elu- 
cidate the physical and chemical reactions that oc- 
cur at the sand-metal interface.23 The successful con- 
clusion of this work would, of course, offer many 
advantages to the steel founder and one of them would 
clearly be a reduced dust burden in the cleaning 
room. 

Castings in many metals can be produced to fine 
limits of tolerance by modern molding methods such 


as the shell process and among the advantages of 


certain modern processes is a reduction in the 
amount of cleaning necessary, and, therefore, dimi- 
nished dust concentrations in the cleaning room. 
One of the processes which produces dust in the 
cleaning room and sometimes in the foundry is the 
removal of heads and runners and risers from cast- 
ings. 

Use of atmospheric heads and whirl gates?5 has 
been explored to improve quality of the castings 
and to facilitate removal of excess metal after cast- 
ing. The so-called Commer block2?4 has also been 
used to give a head that can be easily removed. In the 
foundry itself loose pattern molds have been pro- 
duced by the application of core assembly methods? 
and some of the work which was previously done 
in pits has now been put into boxes. This was done 
for many reasons, but one of them was to eliminate 
the heavy clouds produced when lifting a pit. 


If finely divided materials can be used wet or in 
suspension, dust clouds will not be raised and this 
method of working represents a dust elimination 
technique. It is not a method which will have a wide 
application in foundries but it has been successfully 
applied in one case to the process of de-coring iron 
castings.28 A collar has been fitted to an ordinary 
hand de-coring bar and provided with nozzles so 
arranged that they deliver a cone of fine water spray 
around and along the bar. This spray projects beyond 
the point of the bar so that when it is used to de- 
core a casting the water wets the sand before the bar 
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disturbs it. In consequence, the damp sand appears 
to be dust-free. 

The British Cast Iron Research Association?5 also 
carried out further work on the influence of moisture 
in the sand.27 This work indicated that the moisture 
content at which dust evolution ceased was about 
one-half the working moisture content of the sand. 
It would appear, therefore, that if the amount of 
dry sand in a foundry could be reduced, or if the 
time during which the sand was dry could be re- 
duced, there would in fact be a reduction in the 
total atmospheric dust concentration in the foundry. 


Partial Elimination Methods 

Free silica dust within the respirable size range 
produces silicosis. Even if the total atmospheric dust 
cloud cannot be eliminated, it is always worthwhile 
to eliminate the free silica because it is a particularly 
dangerous fraction of the cloud. It is for this reason 
that use of silica flour as a parting medium is pro- 
hibited in Great Britain.29 This does not necessarily 
reduce the total dust cloud produced by the pro- 
cess, because other parting powders must be used 
but it does eliminate the dangerous dust from this 
operation. Another example of this method of elim- 
inating the dangerous fraction of a dust cloud appears 
in the prohibition in Great Britain of the use of free 
silica as an-abrasive in certain blasting operations.®° 

One further example of this method of the elimina- 
tion of a dangerous fraction of a dust cloud might 
be given. Free silica within the respirable size range 
is often produced when using pneumatic chisels to 
remove burnt-on sand from steel castings. It has been 
found that this sand can be removed in some cases 
by means of powder washing. An oxy-acetylene 
burner, into the flame of which a suitable flux is 
injected, can be used to slag the burnt-on material 
and the slag composition shows that the free silica has 
changed to fayalite.31 Once again the total dust 
cloud has not been reduced but one dangerous frac- 
tion of it has been eliminated so that presumably, 
the health risk attached to the new process is less 
than that associated with the old one. 


Wet Control Methods 


Many attempts have been made to control air- 
borne dust by means of water sprays but none of them 
has proved satisfactory. Once a dust cloud of the 
respirable size range has become airborne, it is al- 
most impossible to bring it under control again by 
the use of water in the form of an atmospheric 
spray. Early work on the use of water to control dust 
from grinding processes has been published in the 
report of one committee although it was also in- 
dicated that further consideration was necessary be- 
fore the method can be recommended.’ 

It may be of interest too, in this connection, to 
note that preliminary work in mines has suggested 
that very fine dust particles may be taken through 
water even when the water is applied at a pressure 
of 40-80 psi. This dry dust which is within the 
respirable size range, was photographed as it left 
the wet machines and passed into the general at- 
mosphere of the mine.?2 
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Local Exhaust Ventilation 


Local exhaust ventilation probably represents the 
most common form of dust control already used in 
foundries. It is used in all kinds of ways but it is 
always applied most efficiently when the dust-pro- 
ducing process can be totally enclosed. In this case, 
a negative pressure inside the enclosure will generally 
suffice to control the dust and prevent it from 
spreading into the general atmosphere of the build- 
ing in which the process is done. 

It is for this reason that as much foundry clean- 
ing as possible should be done in cabinets similar 
to the shot blasting processes. The observation and 
photographic technique described earlier has been 
used to explore processes which were already done 
under local exhaust ventilation; modifications have 
been made in certain cases. The method has also 
been used on processes in which local exhaust ventila- 
tion has been impracticable in the past; new and 
fundamental developments have resulted in dust con- 
trol equipment of original design. 


Knock-out 

Knock-out offers a series of problems because the 
process varies so greatly with the kind of work that 
is being done. It is, therefore, being considered in 
three stages in Great Britain which deal respectively 
with heavy foundries, light foundries and mechanized 
foundries.? It has not yet proved possible to apply 
local exhaust ventilation methods, either to the knock- 
out of heavy pit molds, or to the knock-out process 
in light foundries where boxes are cast all over the 
floor. In these cases, all that can be done at the 
moment is to rely on good general ventilation. 

It is appreciated that this condition is not satis- 
factory and much thought is being given to this 
particular problem in the castings industry. Local 
exhaust ventilation can, however, be applied in the 
mechanized foundry where the knock-out process is 
done in fixed positions on the foundry floor. The 
British Cast Iron Research Association examined the 
various methods of dust control at mechanized knock- 
outs in light foundries and the Technical Panel of 
their Foundry Atmospheres Committee published? 
the results of this work. They concluded that the 
most satisfactory dust control would be achieved if 
the whole process could be totally enclosed. 

In this connection, a retractable hood which gives 
almost complete enclosure was described33 in 1951, 
and further developments have given more recent 
prototypes which were described in the discussion to a 
paper published at a British Steel Castings Research 
Association Conference34. In those cases in which 
complete enclosure could not be achieved, the 
panel’2 indicated that the next best method was by 
means of a side-draft system which might, or might 
not, be provided with a positive air movement to 
blow the dust into the extraction hood. 

They did not regard down-draft as being very 
efficient except in a restricted number of cases. In 
this connection, they indicated that the boxes should 
be small in superficial area, that they should not 
exceed about 10 in. in height, that they should not 
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cover more than about one-fifth of the total area o 
the grid, that they should be standing on the gric 
and not suspended about it during the knock-ou 
process and, that the overall size of the knock-ou 
grid used with the down-draft system should not norm- 
ally exceed about 16 sq ft. 

The up-draft system was not considered satisfactor 
because although it might prevent escaping dus 
from spreading into the general atmosphere of th: 
room, it would offer no protection to the men whx 
were working at the knock-out if they leaned ove: 
the grid so that their heads remained in the dus 
cloud as it rose from the grid to the face of the 
up-cast hood. Finally, the British Cast Iron Research 
Association published results of a study of the aero- 
dynamics of knock-out systems used in British mech- 
anized foundries.36 


Cleaning Room Benches 


Light castings are often cleaned on benches and 
early work showed?! that the provision of a positive 
air curtain blowing into the exhaust hood was more 
efficient than the conventional down-draft system. 
Great care must be taken to insure that the whole 
system is aerodynamically balanced or the air curtain 
may cause turbulence at the face of the exhaust hood 
when the dust will be dissipated into the atmosphere. 
The published dust counts37 which were done on 
thermal precipitator samples showed that the dust 
breathed by the operator was reduced by 80-90 per 
cent when using the new bench in the experimental 
conditions imposed. 


Fig. 2 (Lett)— Dust stream flowing from hood of stand 

&rinder. Conventional local exhaust ventilation fitted and 

operating. Fig. 3 (Right) — Combined system in use showing 

Sood dust control. (Photos by courtesy of Institute of British 
Foundrymen.) 


Pedestal Grinders 

Figure 2 is a reproduction of the first photograph 
that was taken by the illumination technique and it 
shows a pedestal grinder in operation with the old 
conventional type local exhaust ventilating system 
fitted and operating.2! This and further work16 
indicated that the fine dust produced at the grind- 
ing point was taken ‘round the surface of the rotating 
wheel to be delivered from the guard opening at a 
velocity approaching half the peripheral speed of the 
wheel. This fine dust cloud flows down the wheel 
face and along the work before it turned to rise 
vertically up the man’s body to his face. 

A new method of dust control was devised at the 
British Cast Iron Research Association.16 This 
method which was first applied to a 14-in. diameter 
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wheel rotating at a peripheral speed of 5,000 feet per 
minute became known as the “external system.” The 
fine dust was allowed to leave the wheel guard before 
being recaptured by high velocity air currents in- 
duced in three slots one of which was above the 
wheel hood while the other two were placed vertically, 
one on either side of the hood. This new method 
was somewhat modified for use on the 24-in. diameter 
wheel when the external system was applied in con- 
junction with the conventional system which operated 
inside the wheel hood. This system became known, 
therefore, as the “combined system” because it used 
the conventional system to collect dust which could 
be collected inside the wheel hood and, the new 
external system to collect dust which either left, or 
never entered the guard.17 

Figure 3 shows the combined system working and 
indicates by comparison with Fig. 2 the measure of 
dust control that was achieved. Dust counts con- 
firmed the observations and the photographs. The 
external system for the smaller wheel and the com- 
bined system for the larger wheel provided a re- 
markably high standard of dust control on all par- 
ticles down to about a quarter of a micron in 
diameter. 16,17 


The British Steel Castings Research Association also 
investigated this problem and finally developed a 
further system of dust control for the 24-in. diameter 
pedestal grinder by modifying the conventional sys- 
tem.38 In this method the underside of the work rest 
is closed apart from the side nearest to the wheel. 


The work rest itself is either slotted or fitted with 
rollers in such a way that exhaust air can pass through 
it. Gaps are left in this design between the sides of 
the hood and the wheel and a gap is left between 
the top of the wheel and the top of the hood. An 
extraction rate of 900 cubic feet per minute has been 
found necessary to control the dust. 


Swing Frame Grinder 

One of the earliest machines to be fitted with an 
integrated local exhaust ventilating system was made 
some years ago by the English Steel Corporation Lim- 
ited. A description of the dust control system as fitted 
to this swing frame grinder was published in the Sec- 
ond Report of the Dust in Steel Foundries Commit- 
tee.39 The British Castings Research Association 
more recently developed a newer form of integrated 
exhaust ventilation for use on a 16-in. swing frame 
grinder working at a peripheral velocity of 9,000 feet 


Fig. 4 (Left) — Dust clouds generated when grinding pig iron 

with a conventional machine. Fig. 5 (Right) — Dust control 

obtained when grinding the same pig iron with a machine in- 
-rporating the B.S.C.R.A. integral exhaust system. (Photo by 
courtesy of British Steel Castings Research Association.) 
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per minute. The dust control4® has been shown to be 
effective with an exhaust rate of 900 cubic feet of air 
per minute at a static pressure of 314 in. water gage. 
Finally, the Association designed a combined booth 
and integral exhaust system.4° The standard of dust 
control achieved by the integral system can be seen 
from a comparison of Fig. 4 with Fig. 5. 


Low-Volume, High-Velocity Exhaust 


Conventional local exhaust ventilation relied on 
large volumes of air moving at relatively low velocity. 
The early work on grinding machines however, 
showed that the fine dust left the wheel face at about 
half the peripheral velocity of the wheel itself.16.17 
It was quite clear that this dust moving in air streams 
at velocities up to 4,000 feet per minute was capable 
of penetrating a conventional low velocity exhaust 
air stream. 

Dust should be collected as near as possible to its 
point of origin. This cannot be done if the ventilating 
air is moving at such a low velocity that the high 
speed dust streams must be allowed to decelerate in 
space before they can be collected. If a high speed 
dust stream is to be collected at, or near to its point 
of origin, it must obviously be entrained in a high 
speed ventilating air stream. Conventional exhaust 
systems also need ducts of large diameter to handle 
the large air volumes that are moved. These large 
diameter ducts cannot be applied to portable tools 
because, if they were, the tools could be no longer 
handled. 

Small castings can be cleaned on benches provided 
with local exhaust ventilation?! but this method is 
not always convenient even for small castings and is 
impossible in the case of heavy castings. There was, 
therefore, no known method of dust control for pneu- 
matic chisels, portable abrasive wheels or portable 
wire brushes when these were used on heavy cast- 
ings. There was, therefore, every reason to try to de- 
velop a new ventilating system. 

Use of low volumes of ventilating air moving un- 
der high vacuum at high velocity represented a funda- 
mentally new approach to the whole problem. The 
system was first used for percussive rock drills when 
the dust produced by drilling was extracted through 
the hollow drill steel and the rock drill itself at a 
velocity of 16,000 to 18,000 feet per minute. Vacuum 
was provided by an annular air ejector which had 
been designed to give a static vacuum of 13 to 15 in. 
of mercury and a running vacuum of 10 in. of mer- 
cury.?? 

Research and development work was then under- 
taken to adapt this system for use on the various 
cleaning tools that are employed in foundry dress- 
ing shops. The air volumes that are now used vary 
from as little as seven cubic feet of free air per minute 
to about 50 cubic feet of free air per minute, the 
ventilating air and the dust being extracted through 
polythene ducts which vary in diameter from 5% in. to 
34, in. The system operates under a vacuum of about 
five inches of mercury which may be obtained from 
annular compressed air ejectors, from rotary exhaust- 
ers or from fans. 
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Fig. 6 (Left) — Dust control by external duct held over chisel 

point. (Photo by courtesy of the Institution of Mechanical En- 

gineers.) Fig. 7 (Right) — Rubber sleeve fitted to chisel and 

exhaust system operating. Note dust flowing into sleeve ducts 

above and below chisel cutting edge. (Photo by courtesy of 
Foundry Trade Journal.) 


The development work which led to the new low 
volume velocity system was all based on careful ob- 
servations made by means of the photographic tech- 
nique and the illustrations in this paper are taken 
from the original film negatives on which the new 
system was devised. 


The Pneumatic Chisel 


The system was first applied to a pneumatic chisel. 
It was found that a short flexible hose held over the 
operator’s glove would control the dust from the 
front face of the chisel if it were connected to a 
source of vacuum so adjusted as to extract about 
four cubic feet of free air per minute at about ten to 
fifteen inches of mercury.41 It was also shown that the 
fine dust of respirable size range could be equally 
well collected if the hose were bound onto the chisel 
itself.41 The effect of this arrangement can be seen 
in Fig. 6 which shows the dust moving into the 
hose. 

Later, the chisel was fitted with a rubber sleeve and 
the ventilating ducts were incorporated in pairs in 
the sleeve walls in such a fashion that there was one 
pair of ducts above and one pair below the cutting 
edge of the chisel. The dust was extracted from this 
sleeve by means of a 54-in. diameter plastic hose and 
the system extracts about 614 cubic feet of free air 
per minute at a vacuum head of five inches of mer- 
cury.*4: 45 

Figure 7 shows the rubber sleeve fitted onto a 
chisel which is being used to cut flash from an iron 
casting. The dust can be seen moving into the venti- 
lating ducts in the sleeve from top and bottom faces 
of the chisel, the exhaust system being in operation 
when this photograph was taken. 

Finally, a flexible rubber cone was added over the 
sleeve. This cone which can be seen in Fig. 9 is used 
only when the chisels are stripping heavy castings and 
in consequence removing large quantities of sand. 
The effects of this conical extension duct is shown 
in Figs. 8 and 9. Figure 8 was taken when a pneumatic 
chisel was being used to strip sand from a gray iron 
casting and Fig. 9 shows the same process when being 
done under the new exhaust system with the sleeve 
and its conical extension duct in use.44 

Dust counts were taken by means of an Owens jet 
counter, a Konimeter, and a thermal precipitator and 
these counts confirm the visual and photographic 
observations. 41, 43, 44 
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The Portable Grinder 

The low-volume high-velocity exhaust system was 
first applied to an edge-running portable grinder‘! 
through ports mounted on the inside surface of a 
peripheral ventilating duct that conformed to the 
curved edge of the wheel guard. With a 6-in diame- 
ter wheel running at a peripheral speed at 9,000 feet 
per minute, 24 cubic feet of free air per minute suf- 
ficed to control the dust. The dust and air were taken 
from the machine through a 54-in. diameter polythene 
hose at a calculated velocity of about 12,000 feet per 
minute. Dust counts and photographs showed that the 
system gave a high standard of dust control in the 
experimental conditions imposed.41 

It was then found possible to shorten the peripheral 
duct47 but finally an extractor head was devel- 
oped##4. 45 so that the maximum amount of wheel face 
could be exposed for grinding. The extractor head was 
provided with a port on its inner surface to strip the 
fine dust from the wheel face. An aerofoil vane was 
added to this port to improve the. efficiency of strip- 
ping. The heavier dust particles and the sparks, which 
were found to flow along the work tangentially to the 
wheel face were then collected at a second port in the 
lower surface of the extractor head. A roller de 
vice was fitted to the leading edge of the lower surface 
of the extractor head so that it would move more eéas- 
ily over the work. The tangential stream of sparks 
and heavy dust particles striking this roller was de- 
celerated before being collected by the port immedi- 
ately above the roller. 

The head can be adjusted to suit all wheel diame- 
ters from 8 inches down to 214 inches so that it 
can be kept in close proximity to the wheel as it wears 
during the grinding operation. The head extracts 40 
cubic feet of free air per minute at a vacuum of 5 
inches of mercury and the extracted air and dust 
are taken from the machine to filters through 3,-in. 
diameter plastic ducting. Figure 10 shows the machine 
working without exhaust ventilation. Figure 11 is 
the corresponding picture with the new exhaust sys- 
tem fitted and operating. Dust counts which were 
taken in laboratory conditions confirmed the visual 
observations. 44, 45 

Some experience with this new extractor head in- 
dicated that the system collected sparks as well as 
dust. In the case of steel castings these sparks were hot 
enough to soften the walls of the plastic duct as they 


Fig. 8 (Left) -- Removing sand from gray iron casting by ap- 

plying chisel vertically over horizontal surface. No exhaust 

ventilation in use. Fig. 9 (Right) — Removing sand from cast- 

ing with new exhaust system in use and conical extension duct 

fitted (cp. Fig. 8). (Photo by courtesy of Foundry Trade 
Journal.) 
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flowed down it, so that in some cases the duct col- 
lapsed and the ventilating air ceased to flow. In order 
to avoid this difficulty a spark trap was designed. This 
spark trap consists quite simply of a rotor placed in a 
cylinder and so arranged that the sparks impinged on 
it as it rotates in the air stream. The sparks are, 
therefore, cooled and the damage to the plastic hose 
was avoided.45 The spark trap weighs only 314 ounces 
and it was found that it did not impair the dust con- 
trol, that increase in vacuum was required, and that 
it did not form any impediment to the operation of 
the machine. 


Swing Frame Grinder 

The low-volume high-velocity system was also fitted 
to a 16-in. diameter swing frame grinder which oper- 
ated at a peripheral velocity of 9,000 feet per minute. 
The dust was extracted through ports mounted on 
the inner surface of a peripheral duct which con- 
formed to the curved edge of the wheel guard. The 
system gave good dust control?4 with an extraction 
rate of 200 cubic feet of free air per minute at a vac- 
uum head of 3 in. of mercury. This air was extracted 
from the machine through a 3-in, diameter flexible 
hose which was coupled to a high pressure fan. 

The low-volume high-velocity system has also been 
adapted somewhat differently to a swing frame 
grinder with a transverse wheel. In this machine the 
wheel is fitted at right angles to the line of the boom. 
Good dust control was achieved on this machine by 
the use of an extractor head similar in design to that 


developed for the portable edge-running machine. 
The extractor head was connected by a lightweight 
hose of 114-in. diameter to a fan which extracted 150 
cubic feet of free air per minute at a vacuum of 5 in. 
of mercury.*4 


The Bench Grinder 


The system was then modified to fit an 8-in. diame- 
ter bench grinder which was essentially a small pedes- 
tal grinder. The peripheral duct was fitted inside the 
curved edge of the guard and the dust was extracted 
through two internal ports mounted in its lower half. 
Aerofoil vanes were fitted into the port to use the 
air movement generated by the fan effect of the wheel 
itself and the ports were connected through a Y-piece 
to a single duct of |-in. diameter. Good dust control 
was achieved in laboratory conditions by an extrac- 
tion rate of 40 cubic feet of free air per minute at a 
vacuum head of 3 in. of mercury.4?-43 Figure 12 


Fig. 10 (Lett) — Grinding gray iron without exhaust ventila- 

tion. Fig. 11 (Right) — Grinding gray iron with extractor head 

fitted and operating (cp. Fig. 10). (Photo by courtesy of 
Foundry Trade Journal.) 


Fig. 12 (Lett) — Grinding iron without exhaust. Fig. 13 

(Right) — Grinding iron with the new exhaust system fitted 

and operating. (Photo by courtesy of British Cast Iron Re- 
search Association.) 


shows the machine working without exhaust. Figure 
13 is the corresponding picture when the exhaust 
system was in use. 


The Portable Surface Grinder 


The dust was first controlled from the portable sur- 
face grinder through ports mounted on the inner sur- 
face of a ring which completely encircled the wheel.4% 
Because the complete ring was somewhat inconveni- 
ent to operators, further work was instigated which 
showed that a section of the ring could be cutaway so 
that the operator could use the wheel in corners.**#: #5 
When these modifications had been made it was 
found that the new machine extracted about 33 cubic 
feet of free air per minute at a vacuum of 5 in. of 
mercury. The published photographs and dust counts 
indicated a good level of dust control in laboratory 
conditions. 


The Edge-Running Wire Brush 

The methods originally de\<loped for grinding ma- 
chines have now been applied to wire brushes. The 
power-driven edge-running wire brush has been fitted 
with an extractor head and it has been found that 
dust can be controlled on brushes which are running 
at speeds high enough for efficient brushing.*5 A vac- 
uum of 5 in. of mercury sufficed to control the dust. 
Figures 14 and 15 give some visual indication of the 
standard of dust control that was achieved when 
cleaning a rusty steel plate. 


Fig. 14 (Left) — Edge-running wire brush operating without 

exhaust. Fig. 15 (Right) — Edge-running wire brush working 

with the new exhaust system fitted and operating. (Photo by 
courtesy of Foundry Trade Journal.) 


The Surface Wire Brush 

Here again the method originally developed for 
surface grinders has now been applied to power-drive 
or surface wire brushes.45 Intake ports were mounted 
on the edge of a circular duct which was partly cut 
away for flexibility of use. A nylon fringe was added 
to its outer edge. The published photographs and 
dust counts*5 indicated a high standard of dust con- 
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trol when the machine was used and tested in labo- 
ratory conditions. we 


The Hand Wire Brush 


The low-volume high-velocity system was also 
adapted for use on a hand-operated wire brush. A ny- 
lon fringe was so arranged that it surrounded the bris- 
tles and intake ports in the back of the brush were 
connected with the duct along its top. Air was ex- 
tracted through a 5%-in. diameter plastic hose. The 
published photographs and dust counts show that the 
dust produced by brushing can be controlled by this 
method. 45 


The Sanding Disk 


Sanding machines are used to finish castings, to re- 
move rust and scale before painting, and also to re- 
move old paint before re-painting. These machines 
frequently give rise to heavy dust clouds. The low-vol- 
ume high-velocity exhaust system offers good dust 
control when extracting 40 cubic feet of free air per 
minute at a vacuum of 5 in. of mercury from a ring 
which surrounds the sanding disk and which is fitted 
with a nylon fringe.45 


Respirators 
When every other method of dust suppression has 
proved impracticable, there remains personal protec- 
tion in which the operator wears a respirator. The 
primary object should always be suppression of dust 
at its point of origin. So respirators should be looked 
upon as nothing more than a first-aid measure until 


such times as the dust control can be fitted to the 
machine or the process. This is not to say that respira- 
tors do not serve a vital purpose at the moment and, 
indeed, there are occasions when they must be worn 
in British foundries under the legislation.2%. 3° The 
only respirators that are approved by H.M. Chief 
Inspector of Factories for use in foundries under these 
regulations are the “Mark IV” and the “Microfilter”. 
The Microfilter is the more recent of these two respi- 
rators and was in fact developed by the British Steel 
Castings Research Association for use in steel foun- 
dries. 
Suppression of Fume 

The general principles which apply to the suppres- 
sion of dust are also valid in the case of fume. When- 
ever it is practicable to do so, the fume should be 
eliminated by modifying the process and only when 
this cannot be done should the control methods be 
applied. Here again, the main object should be to con- 
trol the fume at its point of origin so that general 
ventilation should not be relied on to scavenge the 
atmosphere of a room after it has become polluted. 
The Foundry Committees have given a good deal of 
thought to the question of fume suppression, but it is 
a particularly complicated matter in foundries and 
many points of detail are still under discussion. 


Core Binders 

The Joint Advisory Committee? indicated that 
“much more attention to technical control of opera- 
tions in core shops seems to be needed”. The Joint 
Standing Committee on conditions in Iron Foundries 
and its Sub-Committee then published an abstract of 
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existing literature on the breakdown products of many 
materials used as core binders5 and this was follow d 
by a second abstract.48 In addition to this work, a 
foundryman developed for, the Sub-Committee a 
method of collecting the products of decomposition 
from core binders in sufficiently large quantities for 
chemical analysis.4® 

The Sub-Committee examined general foundry 
practice in the use of oil-bonded cores and in conse- 
quence published a series of recommendations® in an 
effort to assist foundrymen in reducing the volume of 
fume emitted from heavily cored molds. At the same 
time, the Sub-Committee dealt with the use of syn- 
thetic resins and one of its members published a sur- 
vey of the subject5® in 1949. As a result of this survey, 
the Institute of British Foundrymen set up a techni- 
cal subcommittee to investigate the matter further 
and they reported51 in 1951. 


Mold Dryers 

The same sub-committee also engaged in a large 
amount of experimental work to determine the car 
bon-monoxide concentrations that might result from 
cupolas, heating stoves, open fires, core stoves, cored 
molds and portable mold dryers. Results of this work 
were published? in 1956. Similar problems associated 
with the drying of ladles are now under consideration. 


Non-ferrous Foundry Fumes 

The Joint Standing Committee on safety, health 
and welfare conditions in non-ferrous foundries is at 
present engaged in an examination of the various 
problems that arise from the use of fluxes in the 
non-ferrous industry. 

A variety of metals are melted in this industry. This, 
coupled with the variations in melting practice, means 
that no general statements can be made about this 
problem. A recent publication which was sponsored 
by the Non-Ferrous Sub-Committee+® has, however, 
indicated that. one aluminum alloy can be melted: 
satisfactorily without fluxing when it is to be used in 
a pressure die-casting machine. This means that the 
fumes are eliminated and so represents the best 
method of fume suppression. It is hoped that the 
technique will prove capable of wider application in 
different alloys. 


Control of Fumes 
The low-volume high-velocity ventilating system 
has been applied to the control of the dense fumes 


Fig. 16 (Lett) — Fume produced by the application of flux to 

molten magnesium without exhaust. Fig. 17 (Right) — Fume 

controlled by circular duct. Slight leakage at left as experi- 

mental ring did not quite fit the crucible. (Photo by courtesy 
of British Cast Iron Research Association.) 
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which are produced when fluxes are applied to 
moiten magnesium.+® The results that were achieved 
can be seen by comparing Fig. 16 with Fig. 17. The 
circular duct which can be seen in Fig. 17 was placed 
on the top of the crucible and the inlet ports on its 
inner surface were adjusted in size and so spaced as 
to give an inlet velocity of 6,000 to 7,000 feet per min- 
ute. 

lt was found that the fume could be controlled by 
the extraction of about 160 cubic feet of free air per 
minute at a running vacuum of | to 2 in. of mercury. 
The system was also applied with some success to the 
casting of magnesium. In this case a smaller circular 
duct 7 in. in diameter was placed around the runner 
bush of the box while it was being cast. About 70 
cubic feet of free air per minute were extracted at a 
running vacuum of | to 2 in. of mercury and this was 
sufficient to control the fume.43 


The Thermal Environment 


The Sub-Committee of the Joint Standing Commit- 
tee on safety, health and welfare conditions in non- 
ferrous foundries, has made a specific effort to im- 
prove the thermal environment in the non-ferrous 
industry. Thermal conditions were measured over a 
representative cross section of the industry in 14 se- 
lected foundries. When the information was analyzed 
it became clear to the worxers that good conditions 
might well result from efficient furnace design.47 

As a result of this observation, the men who were 
engaged on the work turned their attention immedi- 
ately to furnace design. A new type of oil-fired rever- 
beratory furnace was constructed and put to use in an 
aluminum foundry in which the metal was cast in 
pressure die casting machines. The new furnace was 
found to use about one-third of the oil used by the 
conventional bale out furnaces and the environmental 
conditions in the foundry were correspondingly im- 
proved. Further work is still proceeding in this mat- 
ter. The possibility of controlling convected heat by 
ventilation or of screening the men from radiant heat 
must be deferred until some estimate can be made 
of the possible improvement that might result from 
better furnace design and better melting in practice. 


PART Il 
Safety 
Accident Causation 

The relative magnitudes of the various accident 
causation groups remain fairly constant year by year. 
The same general pattern is found in all three 
branches of the foundry industry. Broadly speaking 
this pattern is similar to that over the whole field of 
industry. 

Any differences are readily accounted for by fea- 
tures pertaining to the foundry industry. For example, 
the fact that the proportion of burns is somewhat 
higher is due mainly to molten metal and the fact 
that the molten metal burns are lower in steel foun- 
drics than in iron and non-ferrous foundries is proba- 
bly due to different methods of working, since there 
is nuch less carrying of molten metal in small quanti- 
ties in hand shanks and ladles in the steel industry 
anc consequently far fewer minor spillages of metal. 
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Analyses of accident reports are made annually for 
the three Joint Standing Committees to which refer- 
ence has already been made. This has proved profit- 
able in that useful lines of action have emerged from 
joint discussions on the figures obtained. Summaries 
of some of these analyses are given in Tables | to 5. 


TABLE | — ALL Founpry ACCIDENTS 





1953 1954 1955 

Iron 6232 ( 10) 5921 ( 9) 6814 ( 11) 
Steel 1355 ( 3) 1255 ( 5) 1206 ( 1) 
Non-Ferrous 1124 (1) 1377 ( 2) 1250 
Totals 8711 ( 14) 8553 ( 16) 9270 { 12) 
(all foundries) 
Totals 181637 (744) 
(all factories) 
Note:— 

Figures in brackets denote fatalities 








184459 (708) 187700 (703) 





TABLE 2 — IRON FouNDRY ACCIDENTS 





1953 1954 1955 
267 (3) 327 (1) 
246 (3) 299 (2) 





. Power Driven Machinery 300 
. Hoisting Appliances 285 (2) 
. Falls of Persons 394 (1) 347 (1) 460 (4) 
Burns 946 (2) 825 (1) 841 
Eye Injuries 475 479 514 
Portable and Hand Tools 206 224 492 
. Handling Objects 1962 1825 1930 
. Falling Objécts 1198 (3) 1128 1250 (2) 
. Stepping on; Striking 

against objects 293 314 456 
. Electrical 11 (1) 5 (1) 14 (1) 
. Transport 104 (1) 135 100 
. Others 58 126 131 (1) 


Totals 6232 (10) 5921 (9) 6814 (11) 


COA oN — 





Notes: 

1. Figures in brackets denote fatalities (included in preceding 
totals) 

2. Group 1. Includes all power driven machinery except hoist- 
ing appliances (Group 2) some portable tools (Group 6) 
and transport (Group 11) 

3. Group 4 includes all burns except those included in Group 6 
(Eye injuries) and Group 10 (Electrical) . 

4. Group 8 includes objects dropped while being carried or 
handled. 





TABLE 3 — STEEL Founpry AccIDENTsS 1953-1955 





1953 1954 1955 


. Power driven Machines 83 71 64 
. Hoisting Appliances 130 (1) 94 (1) 84 
. Falls of Persons 120 (1) 95 93 
Burns 93 72 84 
. Eye Accidents 103 70 88 
. Portable and Hand Tools 100 131 100 
. Handling Objects 349 312 $21 
. Falling Objects 268 228 214 (IF) 
. Stepping On: Striking 

Against Objects 82 70 102 
. Electrical 4 (1) — 2 
. Transport Il 33 (3) 45 
. Miscellaneous 12 49 9 


Totals 1,355 (3) 1,225 (5) —«*1,206 (IF) 





COnnor ond — 








The simple classification shown in the tables is 
sufficient to pinpoint the principal causes of acci- 
dents in foundries, since over 50 percent of them 
fall consistently into three of the main causation 
groups, namely:— 





(a) Burns (caused by the production and use of 
molten metal) . 

(b) The handling of plant and material (without 
power-driven machinery and lifting appli- 
ances) . 

(c) Falling objects (including articles dropped 
while being carried or handled) . 


The main types of injuries resulting from these 
causes are:— 


(i) Molten metal burns, which include a large 
proportion of foot and eye injuries. 

(ii) Strains, hernia, etc., due to the lifting of ex- 
cessive weights or to tripping while carrying 
heavy weights which otherwise could have been 
handled satisfactorily. 

(iii) Miscellaneous injuries such as lacerations, abra- 

sions, bruises and fractures. 

Many of these accidents are caused by men stum- 
bling over objects left lying about in the working area 
or over irregularities in floors, gangways or pouring 
aisles. A frequent contributory factor is the failure to 
provide or make use of suitable protective clothing 
and other equipment. 

Investigation of such accidents often reveals some 
good reason for this apparent neglect by the injured 
person in that the equipment provided has been un- 
suitable or has become defective. It is by no means 
always due to carelessness or perversity on the part 
of the injured person, as is so often assumed, although 
it must be admitted that this is not uncommon. 


Suggested Remedies 

The primary causes of these accidents is tripping or 
stumbling and not failure to wear protective devices. 
Any preventive action should therefore, first be di- 
rected to eliminating the primary cause. This can be 
done by the following fairly simple remedies:— 


(1) The workplace should be made clean and 
tidy. 

(2) Good, firm floors must be provided and main- 
tained. 

(3) Gangways and pouring aisles of adequate 
width must be provided and these also should 
have frm level surfaces and should be kept 
free from obstruction. 

(4) Proper storage facilities should be provided, 
both for tools and other equipment and also 
for materials. 

The success of these measures depends first of all 
on a genuine enthusiasm and determination on the 
part of the management and, secondly, there must be 
the fullest cooperation from the employees. The lat- 
ter certainly cannot be secured without the former 
and it is sometimes difficult to obtain even so. It is, 
however, worthwhile making a considerable effort to 
secure it, since extremely good results have been re- 
ported from several works, including at least one 
foundry where these methods have been successfully 
applied. 


Safety Footwear 
There can be no doubt that the remedies detailed 
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above, if conscientiously applied by both sides of the 
industry, would result in a considerable reduction in 
these types of accidents. But, as it cannot be expected 
that they would be eliminated altogether, it is, 
therefore, essential to maintain a second line of de- 
fence. 

Some time ago an extensive campaign was carried 
out by the Royal Society for the Prevention of Acci- 
dents, supported by the Factory Department, urging 
employers to assist in the provision of safety footwear, 


TABLE 4— Non-Ferrous Founpry AccIvDENTs 1953-1955 
1953 1954 1955 


. Power driven Machines 68 147 (1) 105 
. Hoisting Appliances 44 126 31 
. Falls of Persons 64 87 67 
Burns 229 202 250 
Eye Injuries 108 96 106 
Portable and Hand Tools 59 79 76 
. Handling Objects 248 243 283 
. Falling Objects 204 (1) 214 (1) 228 
. Stepping On: Striking 
Against Objects 64 71 

. Electrical 2 1 
. Transport 24 30 
. Others 10 81 


Totals (1) 1,377 (2) 
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TABLE 5 — IRON FounpryY ACCIDENTS 1953 AND 1955 





Burns and Eye Injuries (Detailed Breakdown) 
1955 1953 





Group 4 — Burns 
(a) Molten Metal 
(i) At Cupolas, 
furnaces, etc. 
(ii) Transporting 
(iii) Pouring (incl. 
casting) 
(iv) Casting Machines 
(v) Others 
Explosions 
(incl. blowbacks) 
Fires 
Welding 
Other Hot Substances 
(solids) 
(i) Metal 
(ii) Sand 
(iii) Others 
(f) Scalds 
(g) Miscellaneous 


Group 5 — Eye Injuries 
(a) Molten Metal 
(i) At Cupolas, 
furnaces, etc. 
(ii) Transporting 
(iii) Pouring (incl. 
casting) 
(iv) Casting Machines 
(v) Others 
Grinding, blast- 
ing, etc. 
Dressing (Portable 
and Hand Tools) 
Knock-out 
Miscellaneous 
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This suggestion met with a most encouraging re- 
sponse and many firms are now supplying, or ar- 
ranging for their employees to obtain, this footwear 
at greatly reduced cost and as a result, many work- 
ers are now availing themselves of this protection. 

It is still too early to draw any definite conclusions 
from the accident figure as to the precise effect of 
this, and in any case several other factors are in- 
volved, but from the comparison of the figures giv- 
en in Tables | to 4 it is clear that there has been a 
reduction in the groups which hitherto have includ- 
ed most of the foot injuries, and it is not unreason- 
able to assume that the safety shoe campaign may 
have had some influence on this. 


Eye Protection 
Eye injuries, which are always potentially serious, 
occur most frequently at the following processes:— 


(a) grinding, both on stand grinders and with 
portable abrasive wheels, 

(b) chipping with pneumatic chisels and with 
hand tools, 

(c) handling of molten metal. 


Legislation is now in force requiring the provision 
and use of eye protection for these processes. That 
relating to the molten metal hazard is comparatively 
recent. It is too early for its full effect to have been 
felt. There has been some difficulty in finding suit- 
able protection in some cases, for example, in the 
light castings section of the iron foundry industry. 


Molders in this class of work frequently complain 
that many of the goggles which have been provided 
mist up so that they cannot see what they are doing. 
Such conditions would, of course, make the work more 
dangerous. Some goggles, particularly those with cer- 
tain types of side wings, restrict the field of view; 
others become hot and uncomfortable after being 
worn for only a short time. 

The figures for 1955 do in fact show some reduc- 
tion in eye injuries from molten metal. This may be 
due to the fact that more men are wearing some form 
of eye protection in spite of difficulties. 

A preliminary investigation showed that com- 
plaints were at least partially justified, although the 
men’s natural resistance to any change was a con- 
tributory factor. A Joint Advisory Committee was, 
therefore, set up to investigate the matter and to ad- 
vise on the best types of eye protection for these haz- 
ards. This Committee has studied the report of the 
American Society of Safety Engineers Research Proj- 
ect on Eye Protectors; tests which have been made on 
behalf of the Committee are so far in close agree- 
ment with the findings of this Report. 

One disturbing feature of the 1955 figures is that 
eye injuries due to flying particles, as indicated in 
Table 5 (Groups 5(b) and (c)) have suddenly in- 
creased after falling steadily for some time subsequent 
to the legislation with regard to this type of hazard 
coming into force. This increase coincides with a 
similar increase in accidents due to portable and 
hand tools (Group 6) in iron foundries and is proba- 
bly linked with it. The increase is being investigated 
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and no definite explanation can be offered at pres- 
ent, but it may well be linked with the increase in the 
foundry labor force during 1955. Much of this addi- 
tional labor was probably unfamiliar with foundry 
work and consequently more prone to accidents. 

Another precaution which has recently been adopt- 
ed after unanimous recommendation by the three 
Joint Standing Committees has been the voluntary 
provision of screens between adjacent working posi- 
tions and also between working positions and gang- 
ways in cleaning rooms. These screens prevent flying 
chips and particles from working positions injuring 
passers-by or men at adjacent working positions. 
The accident analysis had shown that a considerable 
number of accidents were frequently caused in this 
way. This measure has only recently been adopted and 
there has not yet been time for it to have any effect on 
the figures. 


Power-Driven Machinery 

The proportion of accidents caused by power-driven 
machinery in foundries compares favorably with that 
for industry as a whole. This is probably because, in 
spite of increasing mechanization, the total amount 
of machines in foundries is still low compared with 
other industries relative to the numbers employed. 

The legal requirements affecting the safeguarding 
of machinery in Britain have during the present cen- 
tury become increasingly stringent. They have al- 
ways been strictly enforced, with the result that a 
high general standard of safeguarding has now been 
achieved. One particularly useful section of the Fac- 
tories Act (Section 17) imposes certain obligations 
on the manufacturers of machinery which is intended 
for use in any premises where the Factories Acts 
apply. It is, of course, generally easier to incorporate 
guards and other safety devices in the design of the 
machine rather than to have them added as an after- 
thought by the users. 

The high standard of safeguarding which has been 
achieved has not resulted in any complacency in the 
Factory Department. On the contrary, inspectors 
are continually on the look out for new developments 
and the Technical Branches are in frequent consulta- 
tion with makers and designers. Any relaxation of 
these efforts would soon result in a rapid increase 
in this class of accident, as was shown clearly during 
the war when it was not possible to maintain such a 
high standard of inspection. 


First-Aid Treatment 

It has long been a legal requirement in the United 
Kingdom that every factory shall have first-aid equip- 
ment and trained first-aid personnel according to its 
size. This may vary from a small box of assorted 
prescribed dressings in a small. factory to a fully 
equipped ambulance room for large plants. 

In spite of all this, the number of cases of sepsis 
arising from small wounds which have been neglected 
is far too high. Importance of early treatment for 
every injury, however slight, cannot be too strongly 
emphasized. 

Another important feature is the correct treatment 
for eye injuries and burns, since such injuries can 
easily be made much worse by unskilled treatment. 
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The procedure now recommended is that the in- 
jured person should be taken to a hospital as quickly 
as possible. Factories where this class of accident may 
be anticipated are advised to come to an arrangement 
with the nearest hospital so that an emergency case 
can always be dealt with. 
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COOPERATION FOR TECHNICAL ADVANCEMENT IN THE 
BRITISH BRONZE FOUNDRY INDUSTRY 


By 


A. H. R. French* and E. C. Mantle** 


When the Association of Bronze and Brass Foun- 
ders was invited by the American Foundrymen’s So- 
ciety to present a paper during their 1957 Confer- 
ence, it was felt that this provided a golden oppor- 
tunity to make known in the United States the way 
in which foundrymen in the United Kingdom are 
cooperating to improve the industry technically and 
to make it still more efficient. Discussions which 
members of the industry have had with their opposite 
numbers during visits to the United States have re- 
vealed considerable interest in this cooperation and 
so it was decided to offer a paper describing these 
activities rather than to submit a conventional tech- 
nical paper. 

The two main bodies organizing this cooperation 
in the bronze foundry industry in Great Britain 
are the Association of Bronze and Brass Founders 
and The British Non-Ferrous Metals Research Asso- 
ciation and the part which each of these plays and 
the way in which their activities are inter-con- 
nected are described in this paper. 

It has been estimated that there are over 1000 
bronze foundries in Great Britain of which some 80 
per cent employ less than 20 molders. Many are cap- 
tive foundries making only a limited quantity of cast- 
ings for the open market. Others make specialized 
castings such as valves or pumps to be sold as com- 
plete articles rather than as castings, but a large 
proportion are jobbing foundries making general 
engineering castings. Probably the industry in the 
United States is similarly constructed. 


Technical and Trade Associations 


With so many foundries and a market small as 
compared with the United States home market, it is 
obvious that competition must be intense. No re- 
strictive trading practices exist in the industry and in- 
dividual firms stand or fall on their ability to com- 


*Senior Metallurgist, J. Stone & Co. (Charlton), Ltd., and 
**Chief Liaison Officer, The British Non-Ferrous Metals Re- 
search Association, Birmingham, England. 


Official Exchange Paper from the Association of Bronze 
and Brass Founders. 


pete with their neighbors on price, quality and de- 
livery. At first sight, therefore, it might appear that 
no field for cooperation within the bronze foundry 
industry exists, that firms would be unwilling to get 
together to discuss their problems and to advance 
the common good of the industry. This, however, is 
far from being the case and the degree of coopera- 
tion which exists in the industry, especially over tech- 
nical matters, is now considerable. Within the last 
15 years a flourishing trade association, the Associ- 
ation of Bronze and Brass Founders, has grown up in 
the industry and in technical matters cooperation 
through The British Non-Ferrous Metals Research 
Association has been developing for even longer. 


The Association of Bronze and Brass Founders 


The Association of Bronze and Brass Founders was 
formed in 1942 as a representative body with which 
government departments could negotiate over ques- 
tions affecting wartime supplies to the bronze foun- 
dry industry at a time when the country was facing 
metal shortages and a difficult fuel crisis. The 
A.B.B.F.’s first task was to discuss ways in which the 
cooperation of the bronze foundry industry could be 
obtained to stretch the existing supplies without hin- 
dering production. It performed this task, and others, 
throughout the remainder of the war and in the 
years immediately following, with considerable bene- 
fits to the industry. 

It became clear that there were many matters af- 
fecting the industry which could usefully be discussed 
by a body representing the industry as a whole so that 
a common policy could be formulated in dealing 
with government agencies and similar bodies. Since 
its formation, the A.B.B.F. has been active in dis- 
cussing inspection procedures with government de- 
partments, in formulating standards, in advising on 
technical matters and in compiling data about its 
products. All this has been achieved without affect- 
ing the spirit of healthy competition existing in the 
industry. 

Membership of the A.B.B.F. is open to any bona 
fide jobbing or captive bronze foundry in Great Bri- 
tain. Each member firm pays a contribution into the 
Association’s fund levied on a sliding scale accord- 
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ing to the size of the foundry. The Association grew 
rapidly during the first few years of its existence 
and membership has been increasing slowly but 
steadily ever since. It now numbers some 120 firms. 
While this number is small in relation to the large 
number of bronze foundries in the country, statistics 
show that the A.B.B.F. membership accounts for a 
very large proportion of the tonnage of castings pro- 
duced. 

The affairs of the Association are conducted by a 
Council with representatives of firms from different 
areas of the country meeting under the chairman- 
ship of a president who normally serves in office for 
one or two years. In many matters the Association 
is guided by a technical committee, comprized of 
leading technicians in the industry, which meets 
regularly each quarter. Area meetings are also 
arranged to give members in each region a chance to 
get together to hear reports on matters. technical 
and otherwise, engaging the attention of the Asso- 
ciation and to discuss their effects on their own 
firms’ activities. In this way, and also through the 
issue of a quarterly Bulletin, the rank and file of 
the Association have an opportunity of keeping in 
touch with policy and of expressing their views. 


The Association of Bronze and Brass Founders 
Technical Committee. 


The Technical Committee is a lively and enthusi- 
astic body. At its quarterly meetings it concerns itself 
with current technical problems brought to its no- 
tice by member firms and also deals with longer range 
projects of general interest to the industry. For exam- 
ple, to overcome the difficulties experienced with lo- 
cal variations in the interpretation of inspection in- 
structions, a Code of Inspection Procedure was drawn 
up by members of the Technical Committee and 
agreed, after considerable discussion, with the main 
government inspection authorities. This has achieved 
uniform inspection requirements and _ procedure 
throughout the various government departments, 
whereas previously different departments had their 
own inspection regulations. Some time ago an investi- 
gation was carried out into the properties actually 
achieved in different types of copper-alloy castings 
as distinct from those achieved in test bars to provide 
data for the satisfactory design of castings. A further 
example of the long range projects in a survey 
which was made of crucible life in the foundries of 
member firms leading to suggestions for steps to be 
taken to get the best service from crucibles. 

At the present time much of the Committee’s busi- 
ness is concerned with a revision of the main Brit- 
ish Standards Specifications for cast copper alloys. 
These Specifications are issued by the British Stand- 
ards Institution and are drawn up by Committees 
organized by the B.S.I. to represent various interests 
such as the users of casting, the founders and the 
ingot manufacturers. However, much of the detailed 
work of the preparation of the Standards must often 
devolve upon bodies such as the Technical Commit- 
tees of the Trade Associations. 

The present revision of the Specifications is a 
particularly important one in that an attempt is be- 
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ing made to effect a number of changes designed to 
raise the quality of the industry’s products. It is 
clear, for example, that in some cases the mechanical 
properties specified at present are exceeded with ease 
and, in order to safeguard the quality of products 
sold to British Standards Specifications, the Techni- 
cal Committee of A.B.B.F. is urging adoption of high- 
er values for many of the common casting alloys. To 
compete successfully in the export field, the indus- 
try’s products must be second to none. It is felt that 
a tightening of the specifications is one of the best 
ways of maintaining and enhancing the reputation 
of the industry. 


The properties achieved from test bars are depend- 
ent not only on the quality of metal used, but on the 
type of test bar pattern employed and on the skill 
with which the bar is cast. It is probable that some 
of the less advanced foundries within the industy 
may not have the necessary “know-how” to achieve 
the higher properties that are being suggested with 
the necessary margin for inspection purposes. This is 
where advantage is taken of the close link between 
the A.B.B.F. and The British Non-Ferrous Metals 
Research Association. At the request of the Technical 
Committee, the Research Association is making an 
investigation into the casting of test bars and advice 
and help will be given to foundries experiencing 
difficulty in obtaining the required properties. 

In conjunction with revision of the specifications 
for cast copper alloys, the Technical Committee is 
compiling a booklet to explain to the engineering 
designer and other users of copper alloy castings the 
correct applications of the various alloys included in 
the Standards. Various members of the Technical 
Committee are contributing sections on which they 
have specialist knowledge. It is hoped that this book- 
let will be ready for publication at the same time as 
the revised British Standards Specifications. It will 
contain sections dealing with the most suitable alloys 
for use in different applications, for example, where 
corrosion resistance is required or where high 
strength or resistance to fatigue is needed. In addi- 
tion, it is to contain data on properties and applica- 
tions of the individual alloys specified together with 
lists of corresponding American, Continental and Brit- 
ish Government Specifications. The booklet is being 
produced for circulation by members of A.B.B.F. 
to their customers and for sale to the general public. 


Another function of the A.B.B.F. Technical Com- 
mittee is to consider technical or metallurgical prob- 
lems confronting the industry which require more 
thorough investigation or research than can normally 
be dealt with in an industrial laboratory. Through 
the liaison arrangements which have been set up for 
close cooperation with The British Non-Ferrous Met- 
als Research Association, these problems are passed 
to the Research Association for consideration. 


The extent to which it is possible to include these 
problems in the Research Association’s program de- 
pends largely on the urgency of the problem since 
invariably there are many more suggestions for re- 
search work than funds for supporting the work. 
Nevertheless, over the years a great deal of research 
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effort has been devoted to such problems. As the 
basic information deriving from this research work is 
gradually assimilated by industry there is a constant 
improvement in the technical efficiency of the in- 
dustry. 

The British Non-Ferrous Metals Research Association 


The British Non-Ferrous Metals Research Associ- 
ation or, as it is more popularly called, the B.N.F., 
is one of about 40 cooperative research associations 
organized under the aegis of the Department of Sci- 
entific and Industrial Research of the British Govern- 
ment. The Department of Scientific and Industrial 
Research itself was set up during the 1914-1918 war 
to assist industry in making greater use of scientific 
and technical information and developments. One of 
its express functions was to stimulate different sec- 
tions of industry to establish cooperative research asso- 
ciations. B.N.F. was one of the earliest of these, 
starting in 1920 with about 20 member firms. Since 
then it has grown steadily until at the present time 
it has a membership of over 600 firms, a staff of about 
170 and extensive laboratories. B.N.F. covers the 
whole field of the non-ferrous metals industry and 
not merely foundry work. It carries out research into 
problems concerned with the extraction and refining 
of non-ferrous metals, casting and working of metals, 
properties of metals, their applications (particularly 
where corrosion resistance is concerned), metal fin- 
ishing, etc. At the present time about 40 major re- 
search projects are being undertaken and the B.N.F.’s 
annual expenditure is about £175,000.* 

B.N.F. is financed largely by contributions from 
member firms, which are related to the size of the 
firm and the scale of its activities in non-ferrous 
metallurgy. It also receives a grant from the Depart- 
ment of Scientific and Industrial Research on a slid- 
ing scale linked with the income from industry. It is, 
however, quite independent of governmental control 
and is free to conduct its own affairs with no pres- 
sure from the Government. 

In 1951 the Council of A.B.B.F. concluded an 
agreement with B.N.F. whereby A.B.B.F. members 
could join B.N.F. as a group on advantageous terms 
and thus established a close link between the two 
Associations. 

These cooperative research associations like the 
B.N.F. were until the last war a unique British in- 
stitution, but the idea has now spread to the Conti- 
nent of Europe and similar organizations have been 
formed since the war in several countries. France, in 
particular, has established a large organization, Cen- 
tre Technique des Industries de la Fonderie, serving 
the whole of the French foundry industry. The re- 
search associations enable better use to be made of 
limited scientific resources and, by spreading the cost 
over many firms, allow individual firms to obtain 
the benefits of research at small cost to themselves. 

In the case of B.N.F., the results of research work 


*Because of the wide differences in costs between the United 
Kingdom and the United States of America, the U.S. equivalent 
would probably be more than $1,000,000. 
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are made available equally to all member firms. No 
member, therefore, has exclusive rights to the work 
as in the case of sponsored research, and all have an 
equal opportunity to exploit the results. It is, how- 
ever, the more progressive firm, large or small, that is 
going to take first advantage of the results, and this 
absence of exclusive right of exploitation has not in 
practice been a great deterrent to cooperative re- 
search. 

Although the greater part of the B.N.F.’s income 
is devoted to research work, it has other functions. 
In fact, it offers its member firms a comprehensive 
technical and metallurgical service. For example, it 
runs a confidential consulting service to assist mem- 
bers with problems of production or to help them 
elucidate the causes of failures of material in serv- 
ice, or to give advice on new technical developments. 
This is entirely separate from the research activities. 
Problems handled through this consulting service are 
treated in strict confidence, the results never being 
disclosed to other members. This service is available 
to members free of charge and is of particular assist- 
ance to the smaller firms. The value of this service 
may be judged from the fact that in any one year it 
is used by over 50 per cent of the B.N.F.’s member- 
ship. Between four and five problems are received 
each day. Many of these come from firms in the 
foundry industry seeking advice on such points as the 
method of gating a given casting, or the reasons why 
a casting has proved unsatisfactory, or suggestions 
for a suitable alloy to meet a specific application. 
Questions of the running and feeding of castings are 
dealt with on the basis of information derived from 
past experience and from past and current research 
work, while other problems are resolved by labora- 
tory examination; when necessary a visit is made to 
discuss the difficulties on the spot. All the resources 
of well equipped metallurgical laboratories can be 
brought to bear on any member’s individual problem 
through this service. Routine testing, however, is 
excluded. 

B.N.F. also maintains an extensive library covering 
the world’s literature on non-ferrous metallurgy and 
sends out over 10,000 loans each year at the request 
of member firms. Help is provided, for example, with 
identifying foreign specifications, tracing the sources 
of trade name products, supplying information about 
the properties of alloys, and each month a bulletin 
of abstracts which includes British patents is sent to 
all members. 


Research for the Industry 


B.N.F.’s investigations for the bronze foundry in- 
dustry date from about 1935. For many years the 
work, which was somewhat interrupted during the 
war, was concerned with the factors influencing the 
pressure tightness and soundness of phosphor bronze 
and gunmetal castings. This work has been a major 
co-tribution to the understanding of the casting of 
these alloys. Effects of gas absorption by the metal 
during melting have been thoroughly investigated 
and practical methods of degassing have been de- 
veloped for use on a production scale. The reaction 
between molten metal and the gases generated from 
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sand molds has been investigated and methods de- 
veloped for exploiting this or, alternatively, inhibit- 
ing the reaction. Development work in industrial 
foundries in which the results of this research were 
applied led to considerable economic gains through 
reductions in the number of scrap castings. 

Parallel work on light alloys has been in progress 
at the same time, one of the results of which has 
been the establishment of the mechanism through 
which grain refinement is obtained by additions of 
titanium and boron. Experience with light alloys 
showed that grain refinement, by distributing poros- 
ity more finely, improved the soundness of castings, 
increasing the mechanical properties and enabling 
pressure tight castings to be made more easily. The 
work was applied successfully to the grain refinement 
of copper alloys, such as the gunmetals, but unfortu- 
nately it was found that grain refinement did not 
produce the benefits anticipated. It has become clear 
that this is connected with the constitution of the 
present-day commercial alloys. It is hoped that re- 
search now in progress will lead eventually to new 
alloys with better casting properties. Long-range re- 
search of this kind would be outside the normal 
program of an industrial laboratory and would be in 
danger of being neglected altogether were it not for 
this system of organized cooperative research. 

Other work in progress in the foundry section of 
the laboratories is concerned with methods of run- 
ning and gating castings, including methods suitable 
for the shell molding process. The work began with 
an extensive review of the literature on running and 
gating systems which was followed by experimental 
work to determine which of the various suggested 
methods were most satisfactory for different kinds of 
castings. The work has now reached the stage of sim- 
plifying some of the better running systems investi- 
gated to make them more suitable for use in found- 
ries. 

As well as basic research, there is always a demand 
for short term investigations, several having been car- 
ried out at the direct request of the Technical Com- 
mittee of A.B.B.F. For example, during the prepara- 
tion of a standard for gunmetal steam valves, a ques- 
tion arose about the limiting temperature at which 
the leaded gunmetals can be used with safety. A pro- 
gram of creep tests on cast gunmetals was carried out 
to enable the point at issue to be decided and the 
preparation of the standard to be completed. Effect 
of sulphur on tensile properties, fluidity and pressure 
tightness of gunmetals and phosphor bronzes is an- 
other investigation arising in a similar way. In this 
case the point at issue was the desirability of specify- 
ing limits for sulphur content. 


Cooperation in Action 

Soon after the war, leading members of A.B.B.F. 
were quick to realize the necessity of raising the 
productivity of foundries to insure that the indus- 
try remained competitive. Much has been done to 
make the industry productivity conscious, a grant of 
funds arising from the Conditional Aid program hav- 
ing been of great assistance. oes industry was one 
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of the first to sponsor a productivity team to Amer: -a 
under the Anglo-American Productivity Council. T].is 
team visited the United States for about six wecks 
during the early summer of 1950 and was unique in 
making a film to illustrate the more important ft a- 
tures contributing to high productivity in Americ n 
foundries. 

Introduction of aluminum pressure-cast patte-n 
plates into the United Kingdom is almost entirely 
due to the efforts of members of this team. At a spe- 
cial conference organized by the A.B.B.F. two years 
after the team’s visit to America a number of papers 
concerned with increasing productivity and technical 
efficiency in the industry were presented. Develop- 
ments arising from adoption of American practice 
noted during the team’s visit featured in some of these, 
while others demonstrated how exploitation of the 
results of B.N.F. research had improved foundry 
techniques. 

Since then A.B.B.F. and B.N.F. collaborated close- 
ly in projects to increase the industry’s efficiency. 
Conditional Aid funds were made available at the 
time when the industry was showing great interest in 
two new molding processes, the shell molding process 
and the CO, process. To assist founders to gain the 
maximum advantage from these new processes, a 
member of the staff of B.N.F. spent several months 
studying the processes in all their aspects in order to 
act as a consultant to the industry on their applica- 
tion. This led to preparation of two comprehensive 
surveys, one dealing with shell molding and the other 
with the CO, process, regarded in the industry as 
highly authoritative reports presenting a completely 
unbiased picture. So great has been the interest in 
these surveys, that a second report has been issued 
more recently bringing up to date the survey of the 
shell molding process. 

At the present time the two Associations are again 
cooperating over a survey of the various kinds of 
melting equipment used in the bronze foundry in- 
dustry. This survey is designed to give the foundry- 
man reliable data on all technical and economic as- 
pects of the use of the various kinds of melting units 
available — crucible furnaces, reverberatory furnaces 
and electric furnaces—and will cover such factors as 
labor charges, fuel consumption and metal losses. 
Over 20 bronze foundries are cooperating in this work 
by maintaining careful records of the performance of 
their furnaces over a period of about three months, 
and these are being collated by B.N.F. Without doubt, 
the results of this survey will be of tremendous in- 
terest and value to all firms in the industry. Not only 
will there be authoritative data on all types of fur- 
naces to help in selection of the most economic units 
when changes are contemplated, but each foundry 
will have the means to judge its own performance 
compared with others in the industry. Departures 
from the normal in, say, fuel consumption or melting 
losses, will at once be apparent and steps to effect im- 
provement can then be taken. 

The organization of this survey, entailing at least 
one, and often several, visits to each of the cooperat- 
ing firms, the collating of the records, and the final 





ST LY 


erica 
This 
ree ks 
le in 

fe a- 
icon 


te-n 
irely 
S} e- 
ears 
pers 
ical 
lop- 
“tice 
ese, 

the 
dry 


ose- 
acy. 
the 
t in 
CESS 


A. -i. R. FRENCH AND E. C. MANTLE 


wri‘ing of the report is practically a full time job 
for .n investigator for a period of four or five months. 
Th:s sort of work would be difficult or impossible to 
do, but for the cooperative research arrangements. 


An organization such as B.N.F., backed by the in- 
dustry itself through A.B.B.F., has the confidence of 
the industry, has suitably trained and experienced 
staff and is absolutely impartial. The A.B.B.F. has 
brought the industry together. The Technical Com- 
mittee provides a forum for airing technical prob- 
lems confronting the industry. With the cooperation 
of B.N.F. a first-class technical advisory service is 
available and a considerable research program can 
be supported. It is certain that this cooperation will 
continue to grow in the future for the technical ad- 
vancement of the bronze foundry industry of Great 
Britain. 
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AUSTENITIC MANGANESE STEEL TECHNOLOGY 
IN AN AUSTRALIAN FOUNDRY 


By 


Hedley Thomas* 


Technology of austenitic manganese steel is well 
established and widely known. However, that does 
not guarantee that all steel sold as austenitic man- 
ganese steel possesses the true properties of that steel. 

Some years back the author was called upon by a 
mining company using heavy earth-moving equip- 
ment to suggest a steel for bucket teeth employed in 
a hard rock quarry. The obvious steel was austenitic 
manganese but this suggestion was vetoed vigorously 
by the field engineer who graphically illustrated his 
opinion by indicating a scrap heap containing broken 
teeth from several sources including overseas found- 
ries. The subsequent investigation revealed all man- 
ner of heat treatment defects, manganese contents 
as low as 8.6 per cent and carbon contents up to 1.7 
per cent. 

It became apparent that, widely known as the 
technology might be, the previous suppliers did not 
or could not employ it. With an interest in austenitic 
manganese steel thus aroused, our company revised 
its production technology in respect to this steel and 
has since completed many contracts without a single 
failure in service attributable to steel quality. 

Properties of the steel being so widely publicized, it 
would serve no useful purpose to merely copy es- 
tablished and verified information available in many 
reference books. It was felt that the paper would 
prove more interesting to the American foundryman 
if the techniques employed in an Australian foundry 
were described. An effort has been made to give an 
outline of all phases, that a complete picture may be 
obtained. 


Metal Melting 
The metal may be made by any of three methods; 
for the sake of differentiation the author will name 
direct melting, indirect melting and dead melting. 
Direct melting is the usual practice and as the 
following outline illustrates, the more easy to control. 


Official Exchange Paper from the Institute of Australian 
Foundrymen (N.S.W. Division) . 

*Chief Metallurgist, Industrial Steels Ltd., Sydney, N.S.W., 
Australia. 


The furnace is charged with selected mild steel scrap 
and sufficient ferromanganese to produce an alloy 
containing 11 per cent manganese and 1.0—1.1 per cent 
carbon. All items of the charge are check weighed 
to obviate the possibility of error, thus the metallur- 
gist can rely upon calculations. When melting is com- 
plete the slag is built up by additions of quick lime, 
fluorspar and carbon until it is just faintly carbide. 
At this stage a metal sample is sent to the laboratory 
and analyzed for manganese and carbon. The final 
additions are made from ferromanganese or silicon- 
manganese depending on the analysis result. After 
these additions the metal temperature is adjusted, the 
slag tested to insure presence of calcium carbide, then 
the furnace is tapped. The melt takes between 2.25 
and 2.5 hours to complete and consumes 650-700 
kilowatt hours per ton of metal. 


Indirect melting is used where circumstances force 
the use of heterogeneous scrap. The requisite amount 
of scrap is charged and melted under an oxidizing 
slag. If the bath sample analysis indicates it neces- 
sary, gaseous oxygen is injected to reduce carbon 
then the slag is removed. A new slag is built and pre- 
heated ferromanganese is added to the bath. From 
this stage the melt proceeds as given above. 


Dead melting involves the melting of 100 per cent 
austenitic manganese steel scrap and the final analysis 
is achieved by charging ferromanganese, silicon-man- 
ganese or mild steel scrap as required. 

The ferroalloys used have the following nominal 
compositions: 


Grade 1 
Grade 2 


73-78 per cent Mn; 6-8 per cent C. 
63-68 per cent Mn; 6-8 per cent C. 
50-55 per cent Mn; 1 per cent C. 


Ferro Manganese 


Silicon Manganese 


Main loss of manganese is to the slag, therefore, 
particular attention is paid to slag control. Slags con- 
taining as much as 17 per cent manganese were found 
by the technical investigation of the steelmaking pro- 
cess. By using a slightly carbide slag it is possible to 
effectively reduce the manganese without raising the 
carbon values. The meiter works to a range of 2-4 
per cent manganese in the slag with the values av- 
eraging 2.3 per cent manganese. 
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Below 2 per cent the danger of carbon pickup 
from the slag increases while 4 per cent and above 
wasies ferroalloy. The recovery of manganese is ap- 
proximately 93 per cent of total manganese charged. 

With direct melting it has been found that unless 
care is taken with the melting, the first bath sample 
gives a false manganese content. This is usually due 
to the difference in melting point of ferromanganese 
and steel scrap producing a manganese-rich fluid bath 
which conceals unmelted scrap around the furnace 
wall. When such conditions prevail the bath tempera- 
ture is increased, the melt thoroughly stirred, and a 
further sample taken. However, this trouble is seldom 
encountered unless the furnace has been carelessly 
charged with ferromanganese concentrated under the 
electrodes rather than on the outer regions. 

The main trouble encountered with indirect melting 
is that the ferro-alloy chills off the bath and the un- 
wary melter may produce a steel containing abnormal 
amounts of non-metallic inclusions. We assess this as 
caused by failure to obtain slag-metal equilibrium 
due to insufficient time at refining temperature. When 
dead melting, the main aspect to watch is that the 
quantity of silica introduced by foundry heads is not 
excessive. Pressure risers are a source of trouble in 
this respect, because the relatively large cavities with 
a small orifice are often filled with sand. Silica is un- 
desirable in that it increases consumption of slag- 
making materials, attacks the furnace walls, and raises 
silicon content of the steel. 

With the exception of a few special heats, other 
alloying elements are not added and where they have 
been used their use was recommended by the foundry. 
However, no special precautions are taken to insure 
the absence of nickel, chromium and molybdenum 
but the scrap yard control is such that it is unlikely 
they would be present in quantities above say 0.5 
per cent. 


Ladles and Pouring 


Ladles used for austenitic manganese steel are lined 
with standard grade fire brick and mudded with fire 
clay. At one time we used a teapot type lip-pour 
ladle because previous experience with conventional 
bottom-pour ladles was marked by the number of 
running stoppers. The tea-pot ladle was not highly 
successful because the pourer needed experience and 
skill (not always available) to prevent a “slop” of 
metal covering pouring bush and box and introducing 
a few pounds of metal into the mold before a steady 
pour was achieved. Other reasons for discarding this 
ladle were mainly associated with the pouring spout. 
It was found that frozen slag, dislodged furnace bricks 
and collapsed spout wall obstructed the free flow of 
metal from the ladle. Then if the spout did block, it 
was not very easy to empty the ladle back into the 
furnace, 

Bottom pouring using magnesite nozzle and a 
graphite stopper has been very successful compared 
with the tea-pot-type ladle. Experience has shown 
that metal temperature in excess of 2900 F (1600 C) 
tends to cause erosion of nozzle and stoppers and once 
metal temperature was controlled trouble with run- 
ning stoppers ceased. The ideal pouring temperature 
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is considered to be in the region of 2800 F (1540 C) 
with somewhat lower temperatures for heavy section 
castings. 


- 


Molds and Cores 


Heavy castings are made with dry-sand molds com- 
pounded from a local rock sand containing about 15 
per cent kaolin. Eighty to eighty-five per cent of the 
production is made in green-sand molds. Most of the 
green-sand molds are produced on sand slingers with 
some molds for light castings made with jolt-squeeze 
machines. 

The foundry sand equipment is entirely mechan- 
ized; the general run of foundry reconditioned sand 
is used for the austenitic-manganese steel castings. 
The sand has a green strength between 7 and 8 Ib; 
moisture is kept somewhat high, between 4 and 5 per 
cent, to compensate for passage along conveyors and 
some loss in slinging. We prefer a relatively hard mold 
for austenitic manganese steel, 90 on flat faces and 70 
on vertical faces. 

As an aid to stripping, the patterns are sprayed 
with a mixture of 4 ounces of parrafin wax to the 
gallon of kerosene. All molds are generously vented 
and poured with a 134-in. nozzle. 

Development of coremaking technique received a 
great impetus when we faced the problem of produc- 
ing a tank track link with a tolerance of only 0.020 
in. on five fugs set in a length of 19 in. On this project 
it became necessary to control the number of raps 
given to strip a hand-made core. Then there was the 
very elusive thumb print where one of the operators 
tested the density of the green core. 

In Australia the use of silica flour is prohibited by 
industrial law. Fortunately, zircon sand is plentiful, 
thus, most foundries use a zircon flour paint for 
cores and molds where a clean cast surface is de- 
sired. With the track links the use of zircon was out 
because of the impossibility of the gauging the exact 
thickness of the paint applied. The tolerance and the 
impossibility of dressing a l-in. diameter cored hole 
led to the development of a zircon flour impregnation 
technique. The baked core was lifted from the core 
tray while still warm, immersed in a suspension of 
zircon flour in a 3 per cent bentonite solution then 
replaced in the tray and dried. This process impreg- 
nated the surface of the core to a depth of about % ¢ 
in. with zircon flour. Cores treated in this manner 
proved quite satisfactory although somewhat more 
costly. 

It was realized that a similar result could be ob- 
tained by using a denser core so the air pressure in 
the blower was raised 20 pounds and a finer sand 
used. These cores produced an excellent as-cast sur- 
face and the core mixture was adopted for all exacting 
tolerance cores in lighter section work. Cores of less 
exacting tolerance in heavy section are always sprayed 
with zircon paint. 


Heat Treatment 
All heat treatment is carried out in either a 1-ton 
or 7-ton oil-fired batch furnace. The I-ton furnace 
is used for light section castings which when with- 
drawn from the furnace slide down a launder into 
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the quenching pit. Larger castings are loaded onto a 
car which is drawn into the 7-ton furnace. Where 
castings are not adaptable to special grabs they are 
loaded onto a grid and this grid is then quenched 
together with the castings. 

It is difficult to describe exactly the heat treatment 
cycles because castings are considered individually on 
the basis of design and experience. Most Australian 
foundries favor quite long heat treatments for aus- 
tenitic manganese steel but the necessity for con- 
trolling scale and decarburization on track links gave 
us experience in shorter cycles. Speaking broadly, and 
ignoring special cases where thermal shock is con- 
sidered, we charge castings into a hot furnace and 
with sections up to | in. attain a temperature of 1975 F 
(1080 C) in about 75 minutes then soak for an equal 
time. In all cases the initial heating is to the 1375- 
1475 F (750-800 C) range when we hold the furnace 
for a short soak. This soak compensates for the lower 
thermal conductivity of the steel and insures an even 
distribution of heat. From this temperature the heat- 
ing is quite rapid up to 1975 F (1080C) when the 
carbide dissolving soak is commenced. The tempera- 
ture is then allowed to fall to 1925 F (1050C) by the 
end of the soak. 

Castings are marshalled into loads of equivalent 
section and the thermal cycle fixed for the most sensi- 
tive design. Rejects caused by heat treatment are few. 
Cracks are seldom attributable to heat treatment 
alone, most often high carbon, welding, or stress con- 
centration from draws are associated with cracking 
during heat treatment. 


Cleaning of Castings 


As much cleaning as possible is carried out on 
the green castings. With heavier sections care is 
taken to avoid cracking from mechanical shock but 
as light sections may show an almost fully aus- 
tenitic structure they can be handled in the same 
manner as ordinary castings. Where possible, knock- 
off risers are used although experience has shown 
that they are not universally applicable to the steel. 
Some trouble with cracking was associated with 
knock-off risers. This was eliminated by cutting 
riser with an oxyacetylene torch. Trials are cast be- 
fore using these risers. Care is taken when grinding 
is nécessary because grinding checks tend to open up 
during heat treatment. It is preferable that careful 
grinding is carried out after heat treatment as the 
risk of checking green castings is great. 

If welding is necessary, a special rod that deposits 
an austenitic weld is used. Provided the manufac- 
turers recommended welding technique is followed, 
the brittle zone surrounding the weld can be kept 
to a minimum. However, if there is a possibility 
of the service life of the casting being affected by 
the brittle aureole the casting would be heat treated 
again. Defects, likely to concentrate stress and thus 
cause cracking during heat treatment, can be welded 
in the green state. This is not always successful as 
thermal checks and subsequent failure often occurs 
with castings salvaged in this manner. 
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Slight misalignment of track link lugs may ‘e 
corrected by a hammer blow during inspection b it 
if warpage is more serious a hydraulic press is use |. 
In Australia austenitic manganese plate is not readi y 
obtainable and many liner plates are produced ‘n 
the foundry. Warping of these is rectified by pre:s- 
ing but as correctly heat treated steel is quite pliab e 
most warps are readily pulled out when the plate ‘s 
bolted down. 


Chemical Control 


Most specifications give the following range of 
chemical composition: 


Carbon 1.0 - 1.4 percent 
Silicon 1.0 percent (max) 
Manganese’ 11.0 - 14.0 percent 
Sulphur 0.06 per cent (max) 
Phosphorus 0.12 per cent (max) 


Naturally chemical control must start with raw 
materials. The greatest variation of raw material is 
found in the steel scrap used in the charge. As was 
mentioned under the heading Metal Melting, the 
charge is made up from selected mild steel scrap. 
Generally we use scrap of known composition but 
when this is not possible the following elements are 
checked:—Carbon, phosphorus, sulphur, and silicon. 
Alloy steels are avoided but where chromium, nickel, 
and molybdenum contents are low alloy scrap can be 
blended with the charge since these elements in 
residual quantities do not adversely affect the steel. 
Ferroalloys are brought to specification and each 
delivery is checked by analysis. 

Control of raw materials eliminates the necessity 
of bath sample analysis for elements other than car- 
bon and manganese. The bath sample is drilled with 
a 5%-in. high speed steel drill rotating at a low 
speed. The sample is brought direct from the furnace 
and its temperature at drilling is between 925 and 
1110 F (500 and 600C). The drillings are oxidized 
to a deep blue color but the oxide film does not 
materially effect the value of the bath sample result. 
Manganese is determined by the rapid method (see 
appendix) and carbon is usually determined from a 
quarter-gram sample with a Strolein apparatus. We 
have on occasion used a rapid gravimetric method 
which is slightly more accurate than a volumetric 
method. 

The chemical sample is cast as a 2-in. diameter 
bar 6-in. long with 6-in. feed head attached. The 
sample is allowed to cool out then the head is cut 
off with an oxyacetylene torch and the sand re- 
moved from the surface by grinding. The dressed 
sample is turned in a lathe using a high speed steel 
tool with low rpm and feed but with a relatively 
heavy cut. Formation of oxide film on the surface 
of the turnings is prevented by playing a dry, cold 
air blast on the tool tip. These turnings are short 
and brittle and readily dissolve in acid. 

The final chemical analysis of each steel heat 
is carried out by methods given in B.S.S. 1121 and all 
elements mentioned above are determined. 


It is considered that the ideal analysis from all 
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aspects is 1.2 per cent carbon with 12.5 per cent man- 
ganese; so this is the aim with each heat. Some 
crecence is placed on the recommended ratio of at 
least 10 manganese to 1 carbon. Where values for 
these elements diverge toward opposite specification 
limits, whether high or low, the likelihood of ab- 
normality is increased. 


Physical Testing 


The only physical test called for by our specifica- 
tions is a cold bend of a 12-in. x 1% in. x 34 in. cast bar. 
The bars are cast four in a mold and as any foundry- 
man can anticipate from the above dimensions are 
almost impossible to obtain without center-line shrink- 
age cavities. For this reason we bend the bars toward 
one end, and as the voids are more or less on the 
neutral axis, have little difficulty in obtaining the 
required 150-degree bend around a 14-in. radius. 


Surface defects are ground off the bars before heat 
treatment because no dressing is allowed on heat 
treated bars. Bars do fail on occasion from invisible 
physical defects but we seldom find all four bars 
defective. Other than steel quality and faulty heat 
treatment bars fail if the surface is excessively de- 
carburized or if the grain size is very large. 


Metallography 


Specimens are usually taken from test bars owing 
to the difficulty of obtaining unaltered specimens 
from any but small castings. We use a water-cooled 
elastic cut off wheel which, although it gives speci- 
mens a slightly oxidized skin, does not modify 
the structure beyond a depth removed in normal 
polishing. Samples are ground up to 600-mesh on 
wet papers, thence, on a wax lap prepared from 
elutriated aluminum oxide abrasive. From the wax 
lap the specimen is polished on a wheel using a 
parrafin based suspension of 8-10 micron diamond 
dust and finally hand polished with 0-1 micron 
diamond dust. For normal routine samples exami- 
nation commences at this stage but if it is desired 
to photograph the specimen the final polish is 
made by slip polishing on a wheel covered with at 
least a 14-in. thickness of freshly prepared magnesium 
oxide paste. After examination to note non-metallic 
distribution, specimens are etched in a 50-50 nital- 
picral mixture which produces a slightly oxidized 
surface. 

The first etch produces a very light yellow surface 
film and is not sufficient to bring up grain boundaries 
as definite lines but the boundary is detectable be- 
cause of differences in the color intensities of the 
film. Examination at 500 diameters will show any 
minute precipitation of carbides at the grain bounda- 
ries. Discontinuous carbide segregation just resolv- 
able at 500 diameters has been noted on test bars 
that have passed, but once the carbide segregation 
forms a continuous line around the boundaries or 
occurs on crystallographic planes of larger grained 
specimens, test bar failure to bend is certain. A 
further etch is given to delineate the grain bound- 
aries and the grain size noted at 100X. Since the 
specimen is taken from the test bar there is a direct 
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relationship between grain size and pouring tempera- 
ture and we have set our own empirical values on 
the structure observed. Depth of decarburization is 
measured as a heat treatment control. The usual 
order is about .003-.005 in. with over .006 in. as a 
trigger for closer attention to heat treatment. 


Conclusion 


The foregoing gives our technique at the present 
but since we are ever striving toward more efficient 
and, hence, economical production we are ready 
to adopt any advance obtained from experience or 
collaboration with other foundrymen. We insure a 
good reputation for our steel by inquiring into serv- 
ice conditions and recommending other steels where 
abrasion is not associated with impact. Consumers 
are advised on design by our methods engineer and 
where recommendations are made the service life 
is traced, thus building up our knowledge of the 


steel. 

If besides illustrating methods in an Australian 
foundry this paper gives some help to another foundry 
or excites some foundryman to correct some mis- 
conception contained in it, the author will feel well 


rewarded. 


APPENDIX — Manganese Determination 
METHOD NO. 1 


Scope: Suitable for bath sample control and final analysis on 
steels with a manganese content between 2 per cent to 20 per 
cent. The method has a standard deviation of 0.3 per cent 
manganese. 

General Outline: The manganese in the sample is oxidized to 
permanganic acid by ammonium persulphate in the presence of 
silver nitrate which functions as a catalyst by the momentary 
formation of silver peroxide. The silver nitrate is precipitated as 
silver chloride and the permanganic acid is estimated by reduc- 
tion with sodium arsenite. 


Reagents: 
1.2 S.G. Nitric Acid 
0.3% Silver Nitrate 
20% Ammonium Persulphate (Fresh Daily) 
N/109.9 Standard Sodium Arsenite. 
0.5% Sodium Chloride. 


Method: 

1. Weigh 0.200 + .001 gram sample. When using the method 
for bath sample control it is usually necessary to take a given 
sample and to note its weight to the third place of decimals; 
it is desirable that this weight should be less than 0.200 
grams. 

2. Transfer to a 250-ml erlenmeyer flask and add 16 ml of 
1.2 S.G. Nitric Acid. 

3. Place on a hot plate until the sample is completely dissolved 
and nitrous fumes are eliminated. 

4. Make up to volume in a 250-ml volumetric flask. 

5. Take a 25-ml aliquot (pipette or burette) and add to a 250- 
ml erlenmeyer flask containing 16 ml of 1.2 $.G. Nitric Acid 
and 25 ml of 0.3% Silver Nitrate. 

6. Heat to 50-60 C (125-140 F). 

7. Add 10 ml of 20% Ammonium Persulphate and maintain the 
temperature of 50-60 C for 3-4 minutes. 

8. Cool rapidly to room temperature. 

9. Add 100 ml of distilled water, 5 ml (burette) of 0.5% 
Sodium Chloride and swirl. 

10. Titrate rapidly with standard sodium arsenite solution to 
removal of pink color. 

11. Mls of Arsenite 

Weight of Sample x 0.1 = %Mn in Sample 











METHOD NO. 2 


Scope: Suitable for Austenitic Manganese Steels in the range 
8-15 per cent manganese. The method gives a standard deviation 
of 0.2 per cent manganese. 


General Outline: The sample is dissolved in dilute Sulphuric 
Acid and a zinc oxide separation is made. The resulting solution 
is strongly acidified with Phosphoric-Sulphuric to prevent inter- 
ference from Cobalt and oxidized with Ammonium Persulphate 
in the presence of silver nitrate which functions as a catalyst by 
the momentary formation of Silver peroxide. The permanganic 
acid is titrated by adding excess of Ferrous Ammonium Sulphate 
and back-titrating the excess Ferrous Iron with Potassium 
Dichromate using Barium Diphenylamine Sulphonate as indica- 
tor. 


Reagents: 
3:17 Sulphuric Acid 
Concentrated Nitric Acid 
25% Zinc Oxide A.R. 
1% Silver Nitrate C.P. 
Phosphoric-Sulphuric Acid mixture 
20% Ammonium Persulphate (Fresh Daily) 
0.1 Normal (approx.) Ferrous Ammonium Sulphate A.R. 
0.1000 Normal Potassium Dichromate A.R. 
0.37% Barium Diphenylamine Sulphonate. 


Method: 

1. Weigh .550 + .001 gram of sample and add to a 60 ml squat 

beaker. 

2. Add 20 ml of 3:17 Sulphuric Acid and 20 ml of distilled 
water, and place on a high plate. Heat until all solvent action 
ceases and only a residue of carbides remain undecomposed. 

. Oxidize with dropwise additions of concentrated Nitric Acid. 
In the absence of alloy contents of Nickel, Chromium and 
Cobalt the evaporation to fumes may be omitted. 

. Cool and add 200 ml of distilled water. 

5. Add 25% Zinc Oxide suspension with intermittent shaking 
until the solution is neutralized and a faint permanent pre- 
cipitate of iron group hydroxides is obtained. Then make a 
final addition of 10 ml to complete precipitation. Precipita- 
tion is complete when the supernatant liquor assumes a 
silky milky white appearance. Approximately 45 ml of Zinc 
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Oxide per assay are required. 

. Shake well and add to a 500 ml volumetric flask. Make up 
to the mark with distilled water, add 1.0 ml of water from 
a graduated pipette, mix well, and allow to stand for 5 
minutes. 

. Collect a 250-ml fraction by filtration through a dry flutd 
12.5 cm No. 4 Whatman paper, discarding the first runnings. 

. Transfer the fraction to a 600-ml squat beaker and add 40 ml 
of Phosphoric Sulphuric Acid mixture and 25 ml of 1% 
Silver Nitrate. 

. Add a few pieces of crushed porcelain or glass beads. 

. Heat to boiling and add cautiously 10 ml of 20% Ammonia 
Persulphate. 

. Boil for TWO minutes after fine foam of decomposing per- 
sulphate disappears. 

. Cool rapidly to room temperature. 

. Titrate the cold solution with Ferrous Ammonium Sulphaie 
(0.1 Normal approx.) using a minimum of 2 ml excess, add 
5 drops of Barium Diphenylamine Sulphonate indicator and 
back-titrate with 0.1000 normal Potassium Dichromate to 
a deep violet color. 

. Per cent Manganese = (Mls N/10 FeSO, {NH4) o — mls N/10 
K,Cr.O; x .40. Return the results to one place of decimals. 

5. This method meets the requirements of the National Associa- 
tion of Testing Authorities of Australia and was abstracted 
from British Standards 1121, Part 16. 


DISCUSSION 


Chairman: S. L. GertsMAN, Dept. of Mines & Technical Sur- 
veys, Ottawa, Ont., Canada. 

Co-Chairman: J. A. Rassenross, American Steel Foundries, East 
Chicago, Ind. 

Secretary: E. H. Berry, Dodge Steel Co., Philadelphia. 


P. E. Dempsey:1 What is the general feeling in regard to the 
use of aluminum ladle addition to high-manganese steel? We 
are considering discontinuing its use. 

CHAIRMAN GERTSMAN: At the plant I was with we did not use 
aluminum at all for high-manganese steel. 


1. Chief Metallurgist, Kensington Steel Co., Chicago. 
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RELATION OF MICROHARDNESS AND STRESSES 
IN COPPER ALLOYS 


By 


P. J. LeThomas* 


One of the most significant developments in met- 
allography during the past 20 years was the discov- 
ery of anelasticity of metallic materials. The dis- 
tinction between elastic and plastic behavior, once 
fundamental, has today lost its importance. Now it 
has been found that even weak stresses produce per- 
manent deformations because these stresses cannot be 
applied slowly enough. 

The modern theory of fatigue is based on the con- 
cept of anelastic deformation of metals. All dynamic 
stresses, inwardly directed, generate infinitely small 
shear stresses between characteristic planes in the 
crystal lattice. If the resulting strains are large 
*Chief, Division of Copper Alleys, Technical Center for the 
Foundry Industry, Paris, France. 

This is an Official Exchange paper from the Association 
Technique de Fonderie, Paris, France to the American Foundry- 
men’s Society. 


Epiror’s Note: The original manuscript was written in French. 
ft was translated into English. 


Fig. 1 (Lett) — Slip planes in a phosphor-brass tensile speci- 
men. Sample mechanically polished. Etch — Ferric Chloride. 


enough, characteristic striations may be observed on 
the surface. These parallel striations correspond to 
slip planes resulting from the plastic deformation 
which metallographers are trying to observe in or- 
der to define stresses. 

Figures-1 and 2 show two examples of slip planes 
appearing in samples of bronze and copper. The 
bronze sample was broken in extension with an 
elongation at fracture of approximately 10 per- 
cent. Two perpendicular systems of slip planes may 
be observed. The copper sample was only slightly 
hammered before examination. 

The author observed that the slip planes are more 
distinct in samples of random orientation or in sam- 
ples of alloyed metals. In very pure metals, the slip 
planes are fine and numerous but cannot be ob- 
served under the standard microscope. The photo- 
micrographs in this paper should not be accepted 
unreservedly. Although the bronze sample was in- 
deed stressed, then polished, and examined, the 
copper was first polished before being stressed and 
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Mag. — 500X. Fig. 2 (Right) — Slip planes in vacuum cast 


brass, lightly hammered. Electrolytic polishing. No etch. 


Mag. — 100X. 
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examined. If the order of these operations had been 
reversed, no evidence of deformation would have 
appeared on the sample. 

In practice, considerable difficulties are experi- 
enced whenever one attempts to prove that copper 
has been strained of fatigue. The special techniques 
of examination required are seldom available to the 
ordinary testing laboratory. However, methods other 
than photomicrography can be used. In the particular 
case where possible evidence of stress concentration is 
looked for, anomalies in hardness can be observed. 

R. B. Davies, J. Y¥. Mann, and D. S. Kemsley! thus 
have shown that fatigue progressively increases the 
hardness of rolled and stress relieved copper. Figure 
3 summarizes the most significant results of these 
authors. The hardness increases with the number of 
alternative flexures. A recovery effect may also be 
noted in the neighborhood of the break plane, i.e., 
in the most stressed zone. This effect will be dis- 
cussed in further detail in the following paragraphs. 


Fig. 3 — Progressive fatigue 

hardening of brass as a func- 

tion of number of fatigue 
cycles. 
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Local variations in hardness can be observed by 
hardness microtesting. The first observation of this 
effect was given by P. A. Jacquet? who showed that 
the abrasion of brass produced deep (up to 12 ,») 
perturbations in the inner layers. In this perturbed 
area, where numerous traces of plastic deformation 
appear, the hardness varies proportionately: near 
the surface, the hardness has twice the value of that 
in the deeper layers. The method is, thus, very sensi- 
tive. 

We have tried, within the scope of this study, to fur- 
nish cases where the microhardness gives signifi- 
cant information. These examples were not limited 
to foundry castings but were obtained on specimens 
of various origin. 

The author simplified this study by first observ- 
ing homogeneous solid solution alloys, which offer 
the most fertile field of application of the method. 
In most cases, the purpose of the test was not to 
prove that the specimen had been strained since the 
samples had been stressed under known conditions. 

On the other hand, when applied to a few speci- 
mens of unknown or doubtful past history, the mi- 
crohardness test brought in evidence of the presence 
of the stresses. Thus, the method appears to be reli- 
able. Of course, each result must be evaluated before 
definite conclusions are advanced. 

The experimental procedure is simple. After se- 
lecting the area to be examined, the surface is pol- 
ished electrolytically. This is essential in order to pre- 
vent all traces of stress hardening. Hardness is mea- 


sured with a pyramidal diamond under a 5- to 20-gram ~ 


load, each test being made about 30 ,» from each 
other. 

Scatter of the data is sometimes considerable, es- 
pecially in the vicinity of fissures. Low results may 
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be due to measurements in disorganized areas, «r 
above underlying fissures. However, the overall vaii- 
ation in hardness is sufficiently large to allow de i- 
nite conclusions to be drawn. In each of the follov- 
ing examples, the author made a complete micr>- 
graphic examination to interpret the results obtained 
by the microhardness test. 


Example No. 1—Electrolytic copper test sample 
in fatigue under + 2 kg/mm?” 
load 

The test bar was machined from the end of an 

electrolytic copper ingot (Cu: 99.88%; O,:0.04%). 

It was subjected to 108 rotation flexure cycles on 

an Alkan fatigue tester at room temperature. The 

test bar was cut along its smallest diameter. As 
predicted, no evidence of plastic deformation was 
observed by micrography. No fissure appeared. 
Hardness was measured radially on the cut section. 
The results (Fig. 4) all fall between 34 and 40. They 
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Fig. 4— Hardness of copper in fatigue. Load — 2 kg/mm? or 
3000 psi. No superticial stress hardening. 


Fig. 5 — Brass specimen in fatigue. Load — 4.5 kg/mm? or 
6750 psi. Intercrystalline fissures at about 3 mm (0.12 in.) 
from the break. No etch. Mag. — 250X. 
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show no indication of higher hardness near the sur- 
face. There is, thus, no concentration of stresses in 
superficial areas. The cyclic flexure test could have 
been pursued further, perhaps indefinitely. 


Example No. 2—Electrolytic copper sample in 
fatigue under + 4.5 kg/mm? 
(6750 psi) 

The sample and test conditions were identical, 
with the exception of the load which was raised to 
4.5 kg/mm? (6750 psi). The test bar fractured after 
106 cycles. 

Micrography (Fig. 5) shows several fissures open 
to the outside. These fissures follow grain bounda- 
ries or beads of Cu,O present in the copper. This 
impurity may, thus, adversely affect the fatigue be- 
havior of copper. No evidence of stress hardening 
appeared on the sample, despite the higher loading. 

Two series of hardness measurements were taken: 

a) in an axial plane, from the break surface in- 
ward. Figure 6 shows that hardness decreases sharply 
from the break area up to a depth of about | mm 
(0.0394 in.) . 

b) in an axial plane, on either side of an open 
fissure. High hardness values, higher even than on 
the break area, are observed there, but the scatter is 
considerable (Fig. 7) . 
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Fig. 6 (Left) — Hardness of 

brass in fatigue. Load — 4.5 

kg/mm? or 6750 psi. Stress con- 
centrations near the break. 


Fig. 7 (Right) — Hardness of pt ig . ° pa 
brass in fatigue. Stress concen- / 
trations near a fissure. 





Fig. 8 (Lett) — Hardness of 
high-tensile brass. Intercrystal- 
line fissure. 


Fig. 9 (Right) — Hardness of 
high-tensile brass. Transcrystal- 
line fissure. 
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The behavior of the test sample thus appears to 
depend on the test load. 


Example No. 3— High tensile strength brass 
specimen 

Brasses with small amounts of copper or contain- 
ing additions of aluminum, iron or silicon are known 
to exist in the homogeneous £ structure, giving high 
tensile strength and brittleness. The cause of the 
brittleness of these 8 brasses is not entirely clear. It 
leads to either intra- or intercrystalline fracture or, 
more often, to a mixed type of fracture. 

Several cast aluminum £ brass test pieces were 
examined. Some had been broken in use, some with 
hammer blows. The fractures of the used test pieces 
had occurred following repeated shocks near a ma- 
chine. The grain structure was well marked, of the 
order of | mm, as is usually observed in these alloys. 

Specimen A was deliberately fractured, Hardness 
measurements were taken on both sides of some inter- 
and intra-crystalline fissures (Figs. 8 and 9) . In speci- 
men B, broken in use, only the fracture was exam- 
ined (Fig. 10). In either case, stress concentrations 
must have occurred in the plane of fracture since 
the hardness was found to be almost double on the 
lips of the break. Stress hardening did not occur in 
depths greater than 0.5 mm. 








250 


4 


Hardness (Vickers DPH) 
Ss 
8 









150 











20 10 10 20 
Distance from Start of Fissure, 0.01 mm 



























~ 
a 


Hardness (Vickers DPH) 





150 








0 10 0 30 
Distance from Start of Fissure, 0.01 mm 


Example No. 4— Fatigue test on copper 
at 750F (400C) 

A number of copper test bars were subjected to 
flexural fatigue at 750F. As in the case of those 
tested at room temperature, these specimen had been 
machined from the end of an electrolytic copper in- 
got. The specimen were first subjected to alterna- 
tive loads of + 1 kg/mm? (1500 psi) progressively 


Fig. 11 — Intercrystalline fissure in brass. Fatigue at 750 F 
(400 C). No etch. Mag. — 75X. 


Fig. 10 (Lett) — Hardness of high-tensile 
brass near fracture. 
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ig. 12 (Right)— Hardness of brass in 0 6 2 18 2% 30 
Distance from Edge of Fissure, 


fatigue at 750 F. 
0.01 mm 


raised by increments of 0.5 kg/mm? (750 psi) every 
107 cycles. The specimen fractured in the range of 
1 to 3.5 kg/mm? (1500-5250 psi). 

All specimens showed fairly severe scaling. The 
oxide coating does not adhere to the metal. Microg- 
raphy (Fig. 11) in*the axial plane shows that inter- 
crystalline oxidation is effective in promoting grain 
separation. 

Almost the entire length of the specimen was af- 
fected by radial or axial cracking. Hardness was taken 
perpendicularly to some of these fissures. The values 
exceeded 65 to 75, even in the case of intercrystalline 
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Fig. 13 — Transcrystalline fissure of phosphor brass fatigue 
stressed at 750 F. Ferric chloride etch. 
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Fig. 14 (Lett) — 
Hardness of phos- 
phor brass fatigue 
stressed at 750 F. 
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fissures (Fig. 12). As usual, the lips of the fissure 
were harder than the core. 

Considering the test temperature and loads, recrys- 
tallization might have been expected in the most 
stressed areas of the sample. This recrystallization 
would have produced the softening mentioned by 
the above-mentioned authors.1 This, however, was not 
observed, apparently because the stresses were mainly 
concentrated at the crystallite interfaces. The core 
of these crystallites was insufficiently stressed to re- 
crystallize. To summarize, the oxidation of intercrys- 
talline areas appears to be responsible for the rela- 
tively low hardness increase which could be measured 
only on the grain boundaries. 


Example No. 5— Phosphor copper in fatigue 
at 750F (400C) 
The forged test piece had the following composi- 
tion: 


Heart 99.82 per cent 
Phosphorus 0.03 per cent 
Arsenic 0.07 per cent 


The grain structure was irregular. The specimen 
was subjected to a tension-compression test at 750 F 


























Mag. — 100X. 
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Fig. 17 (Right) — Fissures due 
oxidation in cast brass. No etch. 


in oxidizing atmosphere. Fissures appeared progres- 
sively, initiated by superficial irregularities (Fig. 13) . 
These fissures then open up by corrosion but the 
corrosion-inhibiting action of the arsenic and phos- 
phorus is effective in preventing deterioration of 
the interboundary areas. The fissures are clearly 
transcrystalline. 

Hardness measurements were taken along the depth 
of the fissures. Increased hardness was observed from 
the bottom of the fissure up to about 1.5 mm or 0.06 
in. (Fig. 14). Ultimate fatigue of copper at 750 F 
thus was exceeded. This is a typical case where the 
microhardness procedure can characterize fatigue, 
while the usual micrography techniques break 
down. 


Example No. 6— Refined copper in fatigue 
at 750F (400C) 
The conditions were identical to those in the pre- 
ceding example but the copper contained no phos- 
phorus: 


Fig. 16 (Lett) — Hardness of refined 
brass fatigue stressed at 750 F. 


to 





99.82 per cent 
Phosphorus nil per cent 
Arsenic 0.14 per cent 


The fissures appearing in micrography (Fig. 15) 
are entirely different. They follow the grain bound- 
aries and branch out readily. Beads of Cu,O, lined 
up by rolling, are observed. Oxidation proceeds along 
the grain boundaries and disorganize the structure. 
This is a reason why the fissures are intercrystal- 
line rather than transcrystalline. Also, the equicohe- 
sion of copper is exceeded at 750 F, so that factors 
tend to favor weakening of intercrystalline areas in 
preference to that of the crystals themselves. 

Increased hardness is observed only at the surface 
of the crystallites, up to a depth of 0.2 mm or 0.008 in. 
(Fig. 16). This increase in the hardness is sufficiently 
large so that it cannot be mistaken for the harden- 
ing produced by oxygen solution. Recrystallization is 
somewhat more evident than in the preceding exam- 
ple but is still limited. In this example, this effect is 
not significant enough to conclude that the speci- 
men was subjected to repeated stresses. 

A check was made on a cast copper test specimen 
subjected to severe oxidation but free from mechanical 
stressing (Fig. 17). As before, the boundaries are 
severely attacked but no hardness variation is ob- 
served in the vicinity of the fissures. 

It may be interesting to compare the behavior of 
the rolled and cast specimen. The cold working 
sharply improves the resistance to hot corrosion be- 
cause the segregations at the boundaries are dis- 
persed. 


Fig. 18 — Micro crack at end of fissure in hot-rolled brass. 
Ferric chloride etch. Mag. — 500X. 


MICROHARDNESS VS. STRESSES IN COPPER ALLOY 
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Fig. 19 — Shears in brass during rolling. Ferric chloride etch. 


Mag. — 500X. 


Example No. 7— Hot rolled copper ingot 


This represents a somewhat special case. It in- 
volves superficial fissures opened during the first 
pass in hot rolling. 

It is known that hot rolling of copper is made 
difficult by the presence of impurities. The ingot 
considered here had the following composition: 


J erereserrr.. 99.58 per cent 

0.12 percent 
Lead 0.09 per cent 
0.03 per cent 
0.006 per cent 
0.02 per cent 


Bismuth 
Phosphorus 


This was, therefore, a rather poorly refined speci- 
men. Particularly objectionable is the presence of bis- 
muth and lead. The ingot checked superficially dur- 
ing rolling. 

Micrographic examination of the cracks showed two 
peculiarities. First, one type of fissure (Fig. 18) was 
accompanied by numerous smaller cracks whose di- 
rection was quite linear and followed the grain 
boundary. This appearance has already been de- 
scribed by P. A. Jacquet® and is characteristic of 
crystal disorganization even before the appearance 
of fissures. 

Other fissures (Fig. 19) are preceded by a zone 
which is well crystallized, or, more precisely, which is 
filled with a cluster of very small crystallites. These 
are the product of the fracture of the original crystals. 
Where the fissure opens, it is lined with the same 
cluster of microcrystals. This may be explained by 
stating that the rolling stresses produce shears in the 
crystals. The microcrystallites are the result of the 
mutual abrasion of crystals. Fissures open along the 
least resistant planes, that is, along these zones filled 
with microcrystals. 

As indicated earlier, it is impossible to bring to 
evidence plastic deformations of copper without spe- 
cia] techniques. Thus, the striations in the grain zones, 
observed in the preceding cases, are here unobserv- 
able. 

In the axis of the check lines described earlier, the 
hardness exceeds by 10 units that of the rest of the 
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Fig. 20 — Slip lines in cupro-aluminum. Fatigue at 750 F. 
Ferric chloride etch. Mag. — 500X. 


specimen (average: 54). The lips of the fissures also 
are somewhat harder (by 5 to 8 units). It is, of 
course, impossible to determine the hardness of the 
crystallite clusters. 

The hardness increment is low before that noted 
in the preceding examples. This is due to hist 
1380F temperature of the rolling operafryn. 4 ss 
greatly exceeds the recrystallization temperature (480F) 
for copper. The crystalline structure, destroyed under 
mechanical stresses is spontaneously recrystallized 
around nuclei and the hardness remains, at least, 
theoretically, at the original value. The local frag- 
mentation described here can occur only if the 
rolling stresses are irregular or excessive (rapid roll- 
ing) and if insoluble impurities are present to de- 
crease the plasticity. 

This example represents the ultimate limit of ap- 
plication of the microhardness technique. It should 
be clear that no single temperature can be indicated 
limiting the usefulness of the method since the 
recrystallization temperature depends on the past 
history of the sample. 


Example No. 8 — Fatigue at 750 F of copper 
aluminum 

A specimen of cast alpha copper-aluminum was 
subjected to flexural fatigue tests under progressive 
loading. The alumina skin, produced by oxidation, 
is unbroken, adherent and protects the sample against 
intercrystalline corrosion. 

Photomicrographs clearly show the plastic deforma- 
tion. The slip figures are relatively scarce but well 
marked. This is characteristic of randomly oriented 
structures in cast alloys (Fig. 20) . 

Short test bars were used, grooved to produce 
stress concentrations. Deformations appear clearly 
in the neighborhood of the break. 

Several zones are successively observed: 


a) a fully recrystallized area (up to 0.01 mm or 
0.0004 in.) from the break section. 

b) a mixed area of coexistence of crystals being 
reformed and being destroyed (Fig. 21). 

c) an area containing the original crystals more 
or less deformed (Fig. 22) . 

d) the head of the test sample. 


Fig. 21 — Twinned crystals near break of cupro-aluminum. 
Fatigue at 750 F. Ferric chloride etch. Mag. — 500X. 


This successive coexistence of areas is normal. It shows 
that the temperature of 750 F is high enough to allow 
recrystallization in the most stressed areas. 

No cracking at grain boundaries is otherwise ob- 
served, as in the case of cast copper under similar 
conditions. 

Micrographic examination is sufficiently descrip- 
tive in this case. Service parts stressed at the tempera- 
ture considered here would present any of the ap- 
pearances described above, which would have led to 
the diagnosis of the conditions in use. 

Study of hardness variation is, nevertheless, inter- 
esting—starting from the break, the hardness first 
increases, then decreases regularly. The variation 
characterizes the amount of stress relief in each 
area (Fig. 23). This agrees with the results of Davies, 
Mann and Kemsley. 

From the outside edge of the bar toward the axis, 
the hardness decreases, thus showing that the stresses 
were concentrated in the outside fibers of specimen 
(Fig. 24) . 


Fig. 22 — Deformed crystals in same specimen as Fig. 21. 


Ferric chloride etch. Mag. — 500X. 
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Fig. 23 (Left) — Hardness of cupro-aluminum. Fatigue at 

750 F. Measurement along axis from break. Fig. 24 (Right) 

— Hardness of same specimen as Fig. 23. Measurements from 
outside edge. 


A comparison with the results obtained with fatigue 
stressed copper indicates that the copper-aluminum 
sample is well protected from oxidation. 

The preceding examples show that the technique 
of measuring local variations in microhardness helps 
in pinpointing residual stresses in cases where microg- 
raphy breaks down. The technique is particularly 
suitable in the case of pure or slightly alloyed copper. 
Qualitatively, the hardness variations agree well with 
the classic theory of fatigue. Stresses are concentrated 
at the bottom of the fissures. A number of grains thus 
experience stress hardening and the local hardness 
rises. Under certain conditions, recrystallization is ob- 
served and fissures may proceed along weak zones of 
limited elasticity. An interesting experimental con- 
firmation is observed in the case of alpha cupro- 
aluminums; it appears that the grains themselves 
weaken before the intergranular boundaries. In other 
words, the shear resistance at the interboundaries 
is greater than in the grain, thus differing from the 
case of cast metals. 

All examples considered here refer to single-phase 
alloys. Observations of polyphase alloys, not reported 
here, were beset by many difficulties. 

Each metallurgical component has its own elastic 
behavior. Given an overall strain, each component is 
subjected to stresses depending on its elastic modulus. 


MICROHARDNESS VS. STRESSES IN COPPER ALLOYS 


Plastic deformations may not be equally distributed 
in all components. The possibility of boundary slip- 
page, occurring in some alloys, must be kept in mind 
since it complicates the simple principle of equi- 
deformation of each component. 

Furthermore, two-phase alloys, particularly tin 
brasses and  copper-aluminums often contain 
eutectoids. Hardness measurement of these heteroge- 
neous components cannot give significant results. In- 
formation may be obtained in the case of copper- 
aluminums but the results are too uncertain to be 
described objectively. 

Comparisons of the respective endurance of cast 
and rolled products should interest the foundryman. 
Since the fatigue behavior of many alloys is not 
known, it might be useful to evaluate the performance 
of a number of parts or test bars under controlled 
conditions. For instance, the poor behavior of pure 
copper was indicated earlier; fissures extend along 
beads of Cu,O; oxidation follows and increases the 
weakness. In tests at elevated temperatures, this de- 
structive mechanism is accelerated. Rolling disperses 
the Cu,O and reduces the thickness of the more or 
less amorphous grain boundaries and somewhat im- 
proves the fatigue resistance, although it does not 
eliminate the intercrystalline weakness of refined 
copper. 

On the other hand, addition of oxidation inhibitors 
such as phosphorus or arsenic is efficient in increas- 
ing the stress behavior of cast copper-aluminums 
under the most stringent conditions. Separation at the 
grain boundaries is not observed. It might be pos- 
sible, without stating general conclusions, to solve 
such problems by adding to cast copper the proper 
alloying elements. This solution might be more versa- 
tile and economical than machining the same piece. 


We did not extend this study beyond the scope of 
mechanical constraints, that is, stresses applied from 
the outside. The foundryman may apply the micro- 
hardness method to the study of the internal stresses 
generated during solidification. Such study might 
well lead to the improvement in molding techniques 
or in the solidification of alloys. 


Conclusions 

The microhardness of copper or copper alloys was 
measured in the proximity of cracks or break areas. 
When the test piece has been subdjected to mechanical 
constraints, the microhardness reaches abnormal value 
in these regions. 

Micrography confirms our interpretation of these 
local variations in hardness. These reflect plastic de- 
formations. When micrography cannot reveal plastic 
deformation, as in the case of copper, the evidence of 
local variations in hardness then has a great value. 
These hardness variations are in good agreement with 
the classical fatigue theory. 

The results may be of value to the foundryman 
in explaining the chief cause for the lack of endur- 
ance of copper, that is, the weakening due to the con- 
centration of impurities and of the oxide in the 
crystalline boundaries. Intercrystalline strength may 
be increased by addition of proper alloying elements. 





TEMPER EMBRITTLEMENT IN NODULAR CAST IRONS 


By 


G. N. J. Gilbert* 


Introduction 


(A) Galvanizing Embrittlement in 
Blackheart Malleable Irons 

Nodular cast irons and blackheart malleable irons 
with relatively high silicon and phosphorus contents 
may become embrittled when quenched from the 
temperature range 662 F-1112 F (350 C-600C). Maxi- 
mum embrittlement occurs in irons quenched from 
842 F (450C) to 932F (500C). This embrittlement 
is well known in the blackheart malleable industry 
because in susceptible irons it occurs when they are 
galvanized. The essential features of this embrittling 
process have long been understood and there are sev- 
eral valuable references in the literature. 

Bean! studied the influence of silicon and phos- 
phorus contents on the susceptibility to embrittle- 
ment of various malleable irons when hot-dip galvan- 
ized. He showed that this was due to the heat treat- 
ment received at approximately 842F (450C) and 
the water quenching which usually followed the gal- 
vanizing operation. He also showed that this embrit- 
tlement could be reproduced by a similar heat treat- 
ment in the absence of zinc and demonstrated that 
the susceptibility to embrittlement increased with in- 
creasing phosphorus and/or silicon; the effect of 
phosphorus being much more pronounced than that 
of silicon. This embrittlement was detected in a slow 
bend test and an impact test, but the latter was a 
more sensitive test. 

Marshall? showed that galvanizing embrittlement 
could be eliminated by quenching from approxi- 
mately 1220 F (660 C) prior to galvanizing. This find- 
ing was also dealt with by Bremer.? Marshall? also 
reclaimed castings already embrittled by quenching 
from 1220F (600C). Kikuta* gave a comprehensive 
account of temper embrittlement in blackheart malle- 
able irons and confirmed the benefits accruing from 
prior or subsequent quenching from 1202 F (650(C). 

The notched impact value of ferritic materials such 
as low carbon and low alloy steels, malleable cast 


*Member of Research Staff, The British Cast Iron Research 
Association, Alvechurch, Birmingham, England. 


irons and nodular cast irons shows a sharp drop be- 
low a certain temperature. Above the transition tem- 
perature the material is considered ductile, while be- 
low this temperature it is said to be brittle. Kikuta+ 
showed that blackheart malleable irons tested above 
the transition temperature gave a dark black fracture 
typical of ductile irons, while below the transition 
range irons broke in a brittle way with a bright 
crystalline fracture. He showed that embrittlement 
occurred because the transition temperature was 
raised after treatment at 842F (450(C) so that an 
iron normally ductile at room temperature became 
embrittled. 

Kikuta* showed, for an iron with a relatively high 
phosphorus content of 0.15 per cent, that the transi- 
tion temperature was higher when the iron was slowly 
cooled in the furnace from 1202F (650C) during 
the normal annealing process than when it was sub- 
sequently quenched in water from 1202F (650C). 
Marshall's? results on an iron with a similar phos- 
phorus content confirmed that some embrittlement 
occurred on slow cooling from 1202 F (650 C). These 
workers showed that maximum embrittlement oc- 
curred between 842 F and 932F (450C and 500(C). 

It was suggested by Shepherd® that phosphorus 
was responsible for galvanizing embrittlement and 
he had never known it to occur in malleable irons 
with less than 0.071 per cent phosphorus. The em- 
brittlement susceptibility of a relatively low phos- 
phorus malleable iron and the influence of phos- 
phorus have been studied by the author.* These re- 
sults confirm that the susceptibility of a blackheart 
malleable iron to embrittlement increases with the 
phosphorus content. In a normal iron with a rela- 
tively low phosphorus content of 0.07 per cent some 
embrittlement occurred after quenching from 842 F 
(450 C) but this did not raise the transition tempera- 
ture sufficiently to enable embrittlement to be de- 
tected by room temperature impact tests. 

Leroyer?-S has shown that small quantities of 
molybdenum prevent embrittlement due to treatment 
at 842 F (450) from occurring in malleable irons of 
otherwise susceptible composition. This finding has 
also been dealt with by Laplanche.® 
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The present author!® has shown that embrittle- 
ment similar to that described in blackheart malle- 
able irons also occurs in ferritic nodular irons, and 
in a later paper!1 the phenomena has been described 
in more detail. 


(B) Temper Embrittlement in Steels 


The phenomena of temper embrittlement in steels 
has been discussed by Woodfine12 who has critically 
reviewed the literature on the subject. Many low- 
alloy steels which are hardened by quenching from 
the austenitic range develop temper embrittlement 
if they are heated in the range 662 F-1112F (350C- 
600 C), or if they are slowly cooled through this 
range. Irons tempered at 1202F (650C) for one 
hour and quenched in water are not embrittled. 

The susceptibility of a steel to temper embrittle- 
ment is usually investigated by comparing transition 
temperatures of steels in the unembrittled and em- 
brittled state which are uniformly tempered, so that 
differences in impact value are due to embrittlement 
and not to variations in microstructure. To effect 
this, steels are tempered at 1202F (650C) for one 
hour and quenched to obtain uniform tempering in 
the unembrittled state. Half of the batch is then 
embrittled by reheating to some temperature in the 
range 662 F-1112 F (350 C-600 C). 

The degree of embrittlement depends on the tem- 
perature and time of soaking, but after a certain 
time equilibrium is attained and further treatment 
will not increase the degree of embrittlement. The 
steels are usually quenched from the embrittling tem- 
perature. Transition temperatures for the unembrit- 
tled and embrittled steels are then compared to find 
the susceptibility of the steel to temper embrittle- 
ment. Alternatively, the transition temperatures of 
steels quenched from 1202F (650C) may be com- 
pared with those slowly cooled from temperature. 
Isothermal treatments are usually preferred, however, 
because they indicate the variation of embrittlement 
with temperature. 

The embrittling process in nodular and malleable 
cast irons is similar to that in hardened and tempered 


Fig. 1 — Microstructure of a typical ferritic nodular cast iron. 
Etch - 5% Nital. Mag. - 100X. 
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steels inasmuch as embrittlement occurs because trar - 
sition temperatures are increased, and the critic:| 
temperature range for embrittlement is the sam:. 
In both cases maximum embrittlement occurs in th: 
region 842 F-932F (450C-500C). However, unlik: 
steels, nodular and blackheart malleable irons en- 
brittled at a temperature such as 842F (450(C) are 
more embrittled when quenched than when slow 
cooled from this temperature. 

In steels it is understood that the reverse is true and 
irons slowly cooled are more embrittled than those 
quenched from the embrittling temperature. It 
appears that on slow cooling a nodular or malleable 
iron from the embrittling temperature range some 
ductility is restored. In fact, irons treated for a rela- 
tively short time at a temperature such as 842F 
(450 C) may have their ductility entirely restored on 
slow cooling. 

In this report the term “temper embrittlement” 
will be used to describe the embrittlement referred 
to in malleable and nodular irons since it occurs 
after a subcritical heat treatment and because it 
appears similar in many respects to the embrittle- 
ment referred to as temper embrittlement in hard- 
ened and tempered steels. 


(C) Experimental Work on Nodular Irons 


The experimental work in this paper has been 
confined to ferritic nodular irons. The phenomena 
of temper embrittlement in blackheart malleable 
irons referred to in the literature appears similar in 
all respects to that in nodular irons and therefore the 
results obtained for nodular irons may be applicable 
to malleable iron. The close structural similarity of a 
typical ferritic nodular cast iron and a blackheart 
malleable cast iron is illustrated in Figs. 1 and 2. The 
structure of both consists of graphite in a matrix of 
ferrite. The nodules in the nodular iron are spheru- 
litic, while those in the blackheart malleable iron 
consist of temper carbon aggregates. 

Work previously reported by the author!°® and dis- 
cussed in the light of further work carried out since 
the publication of the original paper is contained in 
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Fig. 2 — Microstructure of a typical blackheart malleable 
cast iron. Etch - 5% Nital. Mag. - 100X. 
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th s present report. Tests to show the effect of vari- 
ovs tempering treatments on the tensile properties of 
ferritic nodular irons are also reported and the re- 
suits compared with those obtained by Kempka!3 on 
blackheart malleable irons with phosphorus contents 
above 0.10 per cent. 


Irons Used in Tests 


All the tests reported in this paper relate to fully 
annealed ferritic nodular cast irons. The irons were 
produced from a series of 270-lb oil furnace melts 
using a Swedish pig iron. Ferroalloys were used to 
obtain the various compositions. The irons were cast 
into keel blocks from which test bars either 114 in. 
square x 814 in. long or 134 in. square x 81 in. long 
were obtained. The small keel block was used for 
early tests carried out, but it was later found that 
the larger keel was more convenient since it gave a 
greater number of impact or tensile specimens from 
a given melt. 

All irons were treated with nickel-magnesium al- 
loy containing about 17 per cent magnesium and in- 
oculated with 0.5 per cent of silicon as 80 per cent 
ferrosilicon. 

The irons were annealed ferritic by heating for 16 
hours at 1652F (900C), furnace cooling to 1274F 
(690 C) and holding for 48 hours, and then cooling 
slowly in the furnace. The heat-treatment was pur- 
posely much longer than the usual commercial heat- 
treatments to insure that no trace of pearlite re- 
mained in the structures. All the irons used in this 
investigation received this treatment irrespective of 
any subsequent tempering treatment. The irons are 
referred to “untreated” in this condition. It is 
important to remember that irons in the untreated 
condition have been slowly cooled in the furnace 


from above 1202F (650(C). 


Impact tests reported were carried out using a 240- 
ft lb Amsler Charpy machine with a striking velocity 
of about 18 ft per second. The V-notched impact 
specimen used in this investigation is shown in Fig. 3. 
The tensile tests were carried out on 0.798-in. and 
0.564-in. diameter test bars. 














45° NOTCH 
020mm ROOT RAD. 








2 


ZS 
t- 3”SPAN ae 


Fig. 3 — Drawing of impact specimen. 

















Influence of Silicon and Phosphorus on 

Susceptibility to Temper Embrittlement 
The chemical compositions and mechanical prop- 
erties of a number of irons with varying silicon and 
Phosphorus contents are given in Tables 1 and 2. 
Irons 1, 2 and 3 represent a series in which the sili- 
con increases from 0.93 per cent to 2.75 per cent 
and irons 2, 4 and 5 a series with increasing phos- 
phorus contents. The differences between other ele- 
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ments in the two series are not significant and can 
be neglected. 

V-notched impact tests at various temperatures 
were carried out on specimens of each material in 
the untreated condition and after holding at 842 F 
(450 C) and 1202 F (650(C) respectively for one hour 
and quenching in water. The treatments are referred 
to as follows: 


1. Untreated. 

2. 1 hour at 842 F (450C) Q. 

3. 1 hour at 1202 F (650C) Q. 
Impact transition curves for the five materials are 
shown in Figs. 4 to 8 and the approximate transition 
temperatures corresponding to the mean impact 
value in the transition range are shown in Table 3. 
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Fig. 4— Transition curves for Iron 1. 


TABLE 1] — CHEMICAL COMPOSITION 





TC., Si, Mn, S, P, Ni, Mg, 
o7 o7 7 


o o % % % % % 





3.63 0.93 0.35 0.60 
3.52 2.03 0.37 0.71 
3.33 2.73 0.40 0.71 
3.46 1.96 0.34 0.65 
3.29 2.09 0.38 0.72 





TABLE 2 — MECHANICAL PROPERTIES 





, Elonga- 
0.1% Ultimate tion Modulus  Brinell 
Proof Tensile Stress, % on of Hardness 
Stress, tons/sq 2.82 Elasticity, Number 
psi in. psi in. psi x 106 300% 








15.0 22.6 50,625 29.0 24.3 108 
24.9 34.5 77,280 27.0 24.0 138 
27.1 43.2 96,770 26.0 24.1 158 
26.4 58.9 131,935 26.0 23.8 140 
28.0 65.0 145,600 25.0 23.4 153 
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Fig. 5 — Transition curves for Iron 2. Fig. 6 — Transition curves for Iron 3. 
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Fig. 7 — Transition curves for Iron 4. Fig. 8 — Transition curves for Iron 5. 


TABLE 3 — TRANSITION TEMPERATURES 





Chemical 
Composition 


Treatment 


Temperature 
Transition 


Increase in Transition 
Temperature due 
to treatment at 
842 F (450 C) 





1.0% Si 
0.03%, P 


2.0% Si 
0.03% P 


2.7% Si 
0.03% P 


2.0%, Si 
0.08%, P 


2.0% Si 
0.16% P 


Untreated 
1 hr 842 F (450 C) Q 
1 hr 1202 F (650 C) Q 


Untreated 
1 hr 842 F (450 C) Q 
1 hr 1202 F (650 C) Q 


Untreated 
1 hr 842 F (450 C) Q 
1 hr 1202 F (650 C) Q 


Untreated 
1 hr 842 F (450 C) Q 
1 hr 1202 F (650 C) Q 


Untreated 
1 hr 842 F (450 C)Q 
1 hr 1202 F (650 C)Q 


—123 F (—86 C) 
—103 F (—75 C) 
—126 F (—88 C) 


—11 F (—24C) 
+30F( —1C) 
—35 F (—37 C) 


109F ( 43C) 
162F( 72C) 
82F ( 28C) 


—27 F (—33 C) 
77F( 25C) 
—31 F (—35C) 


158F( 70C) 
280 F ( 138 C) 
100F( 38C) 


20 F (11 C) 


41 F (23 C) 


53 F (29 C) 


104 F (58 C) 


122 F (68 C) 
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The extent of the temper embrittlement due to 
treatment at 842F (450(C) is indicated by the dif- 
ference in the transition temperatures between the 
untreated iron and the iron treated one hr at 842 F 
(450C) Q. Temper embrittlement increases with 
increasing silicon content in Irons 1, 2 and 3 and with 
increasing phosphorus content in Irons 2, 4 and 6. 
Phosphorus is much more effective than silicon in this 
respect. 

Results in Table 3 also show that not only do silicon 
and phosphorus increase the susceptibility to temper 
embrittlement but also increase the transition tem- 
perature of the untreated irons. It is therefore doubly 
important to control these elements to a reasonable 
level if embrittlement is to be avoided. For instance, 
Iron 3 with 2.7 per cent silicon and 0.03 per cent 
phosphorus, and Iron 5 with 2.0 per cent silicon and 
0.16 per cent phosphorus both have transition temper- 
atures above room temperature in the untreated con- 
dition and are, therefore, brittle at room tempera- 
tures irrespective of whether they are temper embrit- 
tled or not. 

In general, irons treated one hr 1202 F (650C) Q 
had slightly lower transition temperatures and there- 
fore greater ductility than the untreated irons which 
had been slowly cooled from above 1202F (650 (C) 
after annealing. The increase in ductility was most 
noticeable in the high-phosphorus Iron 5 and the 
high-silicon Iron 3. Marshall? and Kikuta* obtained a 
similar increase in ductility in high-phosphorus black- 
heart malleable irons quenched from 1202 F (650(C). 
Therefore irons which are most susceptible to temper 
embrittlement when quenched from 842F (450 C) 
show the greatest increase in ductility when quenched 
from 1202F (650(C). 

It appears that on slow cooling from above 1274 F 
(690 C) after annealing, irons become embrittled 
slightly on cooling through the embrittling tempera- 
ture range (i.e., untreated irons are slightly embrit- 
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tled). Reheating to 1202F (650C) and quenching 
eliminates this embrittlement. The most susceptible 
irons will be embrittled to the greatest extent on 
slow cooling and it is logical therefore that these 
irons will show the greatest improvement when 
quenched from 1202F (650 (C). 


The fractures of the impact specimens of all ma- 
terials untreated and treated one hr 842F (650(C) 
Q are shown in Fig. 9. The approximate test tem- 
peratures are included. The fractures change from 
dark to bright crystalline over the transition range 
and the degree of temper embrittlement can be 
judged by comparing the fractures of untreated and 
tempered bars. 


Effect of Various Tempering Treatments 


It is possible with a material such as Iron 4 which 
is susceptible to temper embrittlement and which, 
in the untreated condition, has a transition that starts 
near to room temperature, to investigate the effect 
of tempering treatments by comparing room tempera- 
ture impact values. The effect of raising the transition 
temperature by treatment will be reflected in the 
impact value and by a change in fracture appear- 
ance. 

Figure 10 shows the effect on the room temperature 
impact value of tempering for one hour and quench- 
ing Iron 4 from various temperatures up to 1292 F 
(700 C). It is clear that maximum embrittlement 
occurs in the temperature range 842 F-932 F (450 C- 
500 C). Included in this figure is the curve for a 
series of specimens which were air cooled instead 
of water quenched. In this case the embrittlement 
due to treatment at 842 F-932F (450C-500C) was 
only slight. Irons slowly cooled in the furnace in- 
stead of in air showed no embrittlement. 


The effect of aging after quenching from 842 F 
(450 C) has also been considered. After quenching 
from 842 F (450(C) specimens were tested after times 
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Fig. 9 — Fractures of the notched specimens of ferritic nodular iron after testing at various temperatures. 
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Fig. 10 — Temper embrittlement in ferritic nodular 
Iron 4 containing 0.08% phosphorus. 


varying from one minute to 500 hours, but no sig- 
nificant change in impact value was detected. 

Tests were carried out on Iron 6 with the chemi- 
cal composition shown in Table 4 to find the effect 
of various tempering treatments. 


TABLE 4— CHEMICAL COMPOSITION 





BT Rr ta eT er 3.54 per cent 
ES ee hcp wanash se aik 4 sna gee eee 2.25 percent 
SCTE Cee eee or 0.47 percent 
REC sake Srcinig 6 «ode whemh eas She ppieahaue 0.013 per cent 
ET ee oe ee ae ee” 0.097 per cent 
i BEET Serer Re err 0.73 per cent 
Py ee erie Fee 0.072 per cent 





The effect of various tempering treatments on the 
impact value is shown in Table 5. Results are re- 
ported for irons slow cooled in the furnace and 
quenched in water after the tempering treatment. 
The fractures of the specimens are shown in Fig. 11. 


The temperature at which the impact transition 
began in Iron 6 was slightly above room tempera- 
ture, and at room temperature a mixed fracture was 
obtained typical of a specimen tested within the 
transition range. With this material a decrease as 
well as an increase in transition temperature due to 
tempering treatments could be detected by carrying 
out impact tests at room temperature. The propor- 
tion of dark fracture and the impact value would 
increase as the iron became more ductile at room 
temperature due to treatment which decreased the 
transition temperature. The impact value would de- 
crease and the fracture become increasingly bright 
due to treatment which increased the transition tem- 
perature. 

A specimen treated for one hour at 1202 F (650 C) 
followed by a water quench had a slightly higher im- 
pact value and, therefore, was more ductile than an 
untreated specimen which had previously been slowly 
cooled from above 1202 F (650 C). This increase in 
ductility was only small compared with that obtained 
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TABLE 5 — DEVELOPMENT OF TEMPER EMBRITTLEMEN ~ 
DuE To VARIOUS TREATMENTS 


Iron 6 — 0.97% Phosphorus 





Impact Value, ft-lb 


Quenched 
in water 





Slowly cooled — 
in furnace 


Treatment 





Untreated (i.e. slowly cooled 
in the furnace from above 
1202 F (650 C) 
l hour 1202 F (650 C) 
lhour 842 F (450C) 
166 hours 842 F (450 C) 
lhour 1202 F (650 C) Q, and 
lhour 842 F (450C) 
l hour 1202 F (650 C) Q, and 
24 hours 842 F (450 C) 
lhour 1202 F (650 C) Q, and 
48 hours 842 F (450 C) 
l hour 1202 F (650 C) Q, and 
100 hours 842 F (450 C) 
lhour 1202 F (650 C) Q, and 
166 hours 842 F (450 C) 
48 hours 1202 F (650 C) Q, and 
lhour 842 F (450 C) 
48 hours 1202 F (650 C) Q, and 
24 hours 842 F (450 C) 


20.5 





bo 


Untreated 


xour 1202°F 


24 hours 842°? 


l hour 1202°F Q. 

100 hours 642°F S.C. 
1 hour 1202°F @, 

166 hours §42°P S.C 

+ 

8 hours 1202°F Q. | 
hour 642°F Q, 


48 hours 1202°F @, 
l hour 842°? S.C. 
hours 1202°F Q, 
hours 842°F Q, 


48 hours 1202°F @. 
24 hours 842°F S.C. 


“ 


Fig. 11 — Fractures of Iron 6 after various tempering 
treatments. Q - Quenched; S.C. - Slowly Cooled. 


by a similar treatment of Iron 5 with a higher phos- 
phorus content. 

Treatment at 842 F (450C) for one hour followed 
by a water quench produced embrittlement, but a 
specimen slow cooled in the furnace was not embrit- 
tled. This confirms the results obtained on Iron 4 
illustrated in Fig. 10. Treatment for 166 hours at 
842 F (450C) increased the embrittlement obtained 
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on quenching and also produced embrittlement in a 
slow cooled specimen. 

jpecimens treated for one hour at 1202F (650 (C) 
and quenched in water before being treated at 842 F 
(450C) for relatively long periods became embrit- 
tled when quenched or slow cooled. The embrittle- 
ment produced in a given time was greater in 
quenched specimens than in specimens slow cooled 
in the furnace. Such specimens, treated for only one 
hour at 842F (450C), whether water quenched or 
slow cooled, had higher impact values than untreated 
specimens (i.€., slow cooled from above 1202F) and 
also specimens simply quenched from 1202 F (650 (C). 
It appears, therefore, that the ductility of iron 
quenched from 1202 F (650(C) is first increased and 
then decreases due to subsequent treatment at 842 F 
(450 C). 

These results confirm those of Marshall? and 
Kikuta* by showing that treatment at 1202 F (650 C) 
prevents subsequent embrittlement at 842F (450 (C) 
providing the time at 842F (450C) is about the 
same as would be the case during galvanizing. They 
show, however, that treatment at 1202F (650(C) 
merely slows the process of embrittlement at 842 F 
(450C) and after longer periods embrittlement will 
occur. The initial increase in ductility on treating at 
842 F (450 C) is investigated further in a later section 
of this paper. 

Specimens treated for 48 hours at 1202 F (650(C) 
before treating at 842F (450C) were more embrit- 
tled after a given time at 842F (450C) than those 
treated for only one hour at 1202 F (650 C). 

Table 6 shows the effect on the impact value of 
quenching specimens of Iron 4 from 842F (450C) 
after various intervals; these irons had previously 
been quenched from 1202F (650C) after one hour. 
The fractures are shown in Fig. 12. 

Embrittlement in this iron developed more slowly 
than in Iron 6 with a higher phosphorus content. A 
specimen quenched from 1202F (650C) after 166 
hours at 842F (450C) showed only slight embrit- 
tlement compared with the higher phosphorus ma- 
terial (Table 5). 

The results presented so far confirm that the phe- 
nomenon of temper embrittlement in ferritic nodular 
irons is similar to that in hardened and tempered 
steels. As for steels, embrittlement occurs in speci- 
mens heated in the temperature range 662 F to 1112 F 
(350C to 600C) and either slowly cooled or 
quenched through the critical temperature range. It 
is understood, however, that hardened and tempered 


TABLE 6 — DEVELOPMENT OF TEMPER 
EMBRITTLEMENT 


Iron 4 — 0.084% Phosphorus 





impact Value, ft-Ib 
Quenched Slowly Cooled 
in water in furnace 
1 hour 1202 F (650 C) Q, and 30.5 
1 hour 842 F (450 C) 
1 hour 1202 F (650 C) Q, and 
19 hours 842 F (450 C) 
1 hour 1202 F (650 C) Q, and 
27 hours 842 F (450 C) 
1 hour 1202 F (650 C) Q, and 
43 hours 842 F (450 C) 
1 hour 1202 F (650 C) Q, and 
51 hours 842 F (450 C) 


1 hour 1202 F (650 C) Q, and 
163 hours 842 F (450 C) 





Treatment 








steels slow cooled after an embrittling treatment are 
more embrittled than steels quenched after treat- 
ment. The reverse is true for nodular irons. 

Unless a nodular iron is highly susceptible to tem- 
per embrittlement it will not be appreciably embrit- 
tled by slow furnace cooling through the embrittling 
temperature range, or by being held for a few hours 
only at a temperature within the embrittling range 
and then slowly cooled. If the iron is quenched, how- 
ever, from the embrittling range, embrittlement is 
pronounced. Therefore, unlike steels, the ductility of 
nodular irons is improved on slow cooling. The 
change in ductility during slow cooling is investigated 
in the next section. 


Recovery of Ductility on Slow Cooling 
From an Embrittling Temperature 


Impact tests were carried out on irons with the 
chemical compositions shown in Table 7. 


TABLE 7 — CHEMICAL COMPOSITION 





Tc, & Mea, S, P, Ni, Mg, 

Iron % % % % % % % 
7 3.41 2.02 0.46 0.010 0.090 0.66 0.076 
8 3.54 2.25 0.47 0.013 0.097 0.73 0.072 








Specimens of Iron 7 were heated to various tem- 
peratures between 68F (20C) and 1202F (650C) 
and water quenched after one hour at temperature. 
Further impact specimens were held for one hour at 
842F (450C) and slow cooled in the furnace. They 
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Fig. 12 — Fractures of Iron 4 after quenching from 1202 F after 1 hr., followed by quenching trom 842 F after various times. 
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Fig. 13 — Ettect of various subcritical heat treatments on Iron 7. 


from various temperatures 


during the cooling cycle to find how the ductility 
was restored on cooling. The rate of cooling was as 


follows: 


842 F - 752 F (450 C - 400 C) 
752 F - 662 F (400 C.- 350 C) 
662 F - 572 F (350 C - 300 C) 
572 F - 482 F (300 C - 250 C) 
482 F - 392 F (250 C - 200 C) 
392 F - 302 F (200 C - 150 C) 


1 hr, 20 min 
1 hr, 20 min 
1 hr, 30 min 
2 hr, 10 min 
2 hr, 40 min 
3 hr, 40 min 


302 F - 212 F (150 C - 100 C) 5 hr, 30 min 


The impact values obtained on specimens tested 
at room temperature after the various treatments are 
shown in Fig. 13, together with the fractures of the 
impact specimens. The results are shown graphically 
in Fig. 14. 
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Fig. 14 — Recovery of ductility on slow cooling from 842 F. 


A typical temperature embrittlement curve similar 
to that shown in Fig. 10 was obtained for speci- 
mens held one hour at a given temperature and 
quenched, and maximum embrittlement occurred in 
the temperature range 842 F to 1022 F (450 C-550 C). 
Impact values obtained for specimens quenched from 
various temperatures during the slow cooling cycle 
from 842F (450C) were generally slightly less than 


those for the specimens simply heated at, and 
quenched from, the appropriate temperature. The 
curves in Fig. 14 show that an iron slow cooled from 
842 F (450C) is only very slightly embrittled and 
it recovers its ductility along a curve similar to, but 
lying through slightly lower impact values, the curve 
for specimens treated for one hour at a given tempera- 
ture and quenched. There is no temperature at which 
a sudden change from brittle to ductile behavior 
occurs on slow cooling from 842 F (450 C). 

If specimens had been held for a longer period at 
842 F (450C) more embrittlement would have oc- 
curred on slow cooling. The increase in embrittle- 
ment with the time at 842 F (450) is illustrated for 
Iron 6 in Table 5. A further illustration of the in- 
crease in embrittlement with time at 842 F (450) is 
shown by tests on Iron 8 which are reported in 
Table 8. 

It might be concluded in the light of these re- 
sults and those given in Table 6 for irons slow 
cooled and quenched after various times at 842F 
(450 C) that a series of curves such as those shown 
as broken lines in Fig. 14 would have been obtained 
for irons slow cooled from 842F (450C) after in- 
creasing times at temperature. 


TABLE 8 — EMBRITTLEMENT ON SLOW COOLING 
AFTER Various TIMES AT 842 F — IRON 7 





Treatment Impact Value, ft-Ib 


l hour 842 F (450 C) S.C. 20 

8 hours 842 F (450 C) S.C. 15 

32 hours 842 F (450 C) S.C. 9 

56 hours 842 F (450 C) S.C. 7 

166 hours 842 F (450 C) S.C. 4 
S.C. = Slow Cooled 








Increased Ductility in Irons Quenched From 
1202°F and Subsequently Tempered at 
Lower Temperatures 


The chemical analyses of the irons used to investi- 
gate this effect are given in Table 9. 


TABLE 9 — CHEMICAL COMPOSITION 





r.c., i Mn, Ss, P, Ni, Mg, 
ne EE, Ses. ee FN. ST 





0.075 
0.055 


0.011 0.084 0.68 
0.011 0.13 0.72 


9 3.49 0.49 
10 3.48 0.34 
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Fig. 15 — Ettect of various subcritical heat treatments on Iron 9. 


The results in Table 5 show that a specimen 


quenched in water from 1202F (650C) and subse- 
quently treated for one hour at 842F (450C) and 
quenched in water was more ductile than an iron 
simply quenched from 650C. The improvement in 
ductility observed is small and might have been dis- 


missed as scatter if it had not been observed on a 
number of occasions not reported here and also shown 
in Table 11, which is concerned with the effect of 
molybdenum. These results are discussed in the 
next section of the report. The improvement in duc- 
tility is more marked in irons slow cooled instead of 
quenched from 842F (450C), as shown in Table 5. 

These observations indicated that further tests were 


required since it has previously been considered that 
the most ductile condition was obtained on quench- 
ing from 1202 F (650 C). 

Untreated specimens, i.e., slow cooled from above 
1202 F (650C) of Iron 9 were heated to various 
temperatures up to 1202F (650C) and either slow 
cooled or quenched from temperature. Similarly, 
specimens previously treated at 1202F (650C) for 
one hour and quenched in water were heated to vari- 
ous temperatures up to 1202F (650C) and either 
slow cooled or quenched from temperature. The frac- 
tures of the impact specimens and the impact values 
obtained are shown in Fig. 15 and illustrated graphi- 
cally in Fig. 16. 








Fig. 16 — Ettect of subcritical heat 
treatments on the impact value of 
ferritic nodular Iron 9. 
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A typical embrittlement curve was obtained for 
the untreated irons quenched from various tempera- 
tures and the embrittlement, as expected, was a maxi- 
mum at 842F to 932F (450C to 500C). Untreated 
irons slow cooled from temperature were not appreci- 
ably embrittled whatever the treatment temperature 
and in fact the specimen slow cooled from 1202 F 
(650 C) showed improved ductility. This is thought 
to occur because the rate of slow cooling in the pres- 
ent tests was greater than after the original ferritiz- 
ing anneal. Through not being held so long in the 
embrittling range during the slow cool the ductility 
of the reheated specimen was improved. Since the 
impact value at 1202 F is, however, higher than that 
for an iron quenched from 1202 F it is thought that 
scatter in the results, which appears abnormally high 
in these series of tests, accounts partly for the high 
impact value obtained. 

As expected, a specimen simply quenched from 
1202 F (650C) had a higher impact value than the 
untreated iron. Tempering an iron previously 
quenched from 1202F (650C) at progressively in- 
creasing temperature resulted in a further increase 
in impact value. The increase was greater in a ma- 
terial slow cooled than one quenched from the tem- 
pering temperature and maximum impact values 
were obtained on tempering at about 662 F (350 (C). 
At higher temperatures impact values decreased. 

Impact values for specimens slow cooled from the 
tempering temperature were never less than those of 
an iron simply quenched from 1202F (650C) and 
not subsequently tempered. The irons quenched from 
the tempering temperature were embrittled at rela- 
tively high temperatures and maximum embrittle- 
ment occurred at 1022 F (550). It appears that un- 
treated irons and irons previously quenched from 
1202 F (650C) do not show appreciably embrittle- 
ment on slow cooling from temperatures up to 1202 F 
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(650 C). On quenching, irons in both conditioi s 
are embrittled over a certain temperature range. Th s 
range is higher and the maximum embrittlement s 
perhaps less extensive in the iron previously quenche | 
from 1202 F (650 C). 

These results confirm that an iron previousiy 
quenched from 1202 F (650) is not embrittled whe. 
tempered at 842F (450C) for a short time. They 
show that embrittlement does not occur after a shoit 
time at 842F (450C) because the embrittlement 
temperature range is shifted to higher temperatures 
in an iron quenched from 1202F (650C) and em- 
brittlement at 842F (450(C) is relatively slow. An 
iron quenched from 1202F (650C) is rapidly em- 
brittled if subsequently tempered and quenched from 
1022 F (550 C). 

The impact value of an iron previously quenched 
from 1202 F (650C) is a maximum on tempering at 
662 F (350C). Depending on the rate of decrease of 
impact value at higher tempering temperatures, irons 
treated at 842 F (450C) may have impact values 
greater or less than that of an iron simply quenched 
from 1202 F (650 (C). 

The impact value of an iron previously quenched 
from 1202 F (650C) is a maximum on subsequently 
tempering at 662 F (350C). Depending on the rate 
of decrease of impact value at higher tempering tem- 
peratures irons treated at 842F (450C) may have 
impact values greater or less than that of an iron 
simply quenched from 1202 F (650C). In the pres- 
ent tests the specimen quenched from 842F (450 (C) 
has a lower value but generally, as already observed, 
the value is slightly higher. 

In order to further investigate the increase in im- 
pact value of an iron previously quenched from 
1202 F (650C) on tempering at progressively increas- 
ing temperatures, further tests were carried out on 
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Fig. 17 — Effect of subcritical heat treatments on the impact values of Iron 10. 
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Fig. 18 — Effect of various subcriti- 
cal heat treatments on impact value 
of ferritic nodular Iron 10. 
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Iron 10 which had a slightly higher phosphorus con- 
tent than Iron 9. This iron had a lower impact value 
in the untreated condition and at room temperature 
was in the middle of the transition range where the 
slope of the transition curve was greatest. Therefore, 
a given increase in ductility was accompanied by a 
greater increase in impact value than for Iron 9 
which was tested close to the top of the transition 
range in the untreated condition. The fractures of the 
impact specimens and the impact values obtained on 
this iron are given in Fig. 17 and in Fig. 18. 

Only a limited number of results showing the effect 
of tempering treatments on the untreated iron are 
given, but these are sufficient to show the general 
trend. The increase in impact value on tempering, at 
progressively increasing temperatures, an iron previ- 
ously quenched from 1202 F (650C) is clearly shown 
in Fig. 18, and the impact values again reach a maxi- 
mum at about 662F (350C). The slow-cooled irons 
have higher impact values than irons quenched from 
temperature and the results shown in Fig. 16 are 
confirmed. The specimen quenched from 1202 F 
(650 C) had in this case a higher impact value after 
treating at 842F (450C) whether slow cooled or 
quenched. 

All the tempering treatments referred to above 
were for one hour. If longer times had been used 
embrittlement would have increased and the slowly 
cooled irons would have shown some embrittlement 
similar to that illustrated in Tables 5 and 6. 


The Influence of Molybdenum 


The effect of molybdenum on temper embrittle- 
ment in hardened low alloy steels is generally to re- 
duce the extent of embrittlement for a given treat- 
ment. It has been shown by Leroyer?-§ and men- 
tioned by Laplanche® that small quantities of molyb- 
denum will prevent embrittlement occurring at 
room temperature in a malleable iron of otherwise 
susceptible composition. This is of academic interest 
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rather than of practical value, since the amount of 
molybdenum required to exhibit galvanizing embrit- 
tlement is sufficient to cause retention of pearlite in 
blackheart malleable iron. For this reason, molybde- 
num is an element which the malleable iron industry 
wishes to avoid except on rare occasions when special 
structures and properties are required. Tests have 
been carried out to illustrate the effect of this element 
on temper embrittlement in nodular cast irons. 


Two irons were prepared, one of which contained 
0.16 per cent molybdenum. The basic composition of 
each iron was similar, as shown in Table 10. 


TABLE 10 — CHEMICAL COMPOSITION 
(MOLYBDENUM SERIES) 





—_ = —- P, Ni, Mg, Mo, 
Irn % % % % % oe & 





o 
1] 3.17 2.08 0.38 0.011 0.080 059 0.065 _ 
12 3.17 2.08 0.38 0.011 0.080 061 0.068 0.16 





Table 11 shows the effect of various tempering 
treatments on these irons, and the fractures of the 
impact specimens are shown in Fig. 19. 


TABLE 1] — TEMPER EMBRITTLEMENT IN NODULAR 
Cast Irons CONTAINING MOLYBDENUM 





Impact Value, ft-lb 


Treatment Iron Iron 
11*  aoad 
Untreated 29.0 28.0 
lhour at 842F (450C)Q 9.0 28.5 
l hour at 1202 F (650 C)Q 29.5 $1.5 

1 hour at 1202 F (650 C 
lhour at 842F a ae 510 52.0 
l hour at 1202 F (650 C)Q 
48 hours at 842 F (450 C)Q 
l hour at 1202 F (650 C)Q 
164 hours at 842 F (450C)Q 
*Containing no molybdenum 

**0.16% molybdenum. 
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Fig. 19 — Effect of molybdenum 
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The results on Iron 11 containing no molybdenu n 
are similar to those reported for Iron 4 in Table 6 
which has a similar chemical composition. Embrit- 
tlement occurs in this iron when quenched from 842 F 
(450 C) and after long periods at 842F (450C) on 
specimens previously quenched from 1202F (650C). 
The presence of molybdenum in Iron 12 prever 
any appreciable embrittlement due to quenchir 
from 842 F (450C) after one hour at temperature. 

Irons quenched from 1202 F (650C) and treated 
one hour at 842F (450C) and those merely 
quenched from 1202F (650C) had impact values 
slightly higher than those of the untreated irons. The 
molybdenum iron, when quenched from 1202F 
(650 C) and held for long periods at 842F (450C) 
before quenching developed embrittlement. The ex- 
tent of the embrittlement increased with time at 
temperature but was less than in Iron 11 which did 
not contain molybdenum. 

As in steels, molybdenum decreases the amount of 
embrittlement occurring at 842F (450C) in irons 
previously treated at 1202F (650C). In a material 
containing 0.080 per cent phosphorus, 0.16 per cent 
molybdenum entirely or almost entirely prevents any 
embrittlement due to a simple quench from 842 F 
(450 C) after one hour at temperature. 


Long Time Tests on an Iron Normally 
Regarded as Unsusceptible to 
Temper Embrittlement 


Impact specimens of an iron with the chemical 
analysis given in Table 12 were held at 842F 
(450C) for times up to 1000 hours and either 





























Long term tests at 842 F on an iron not normally considered susceptible to temper embrittlement. 
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Fig. 21 — Fractures of tensile specimens of Iron 15. 


quenched in water or slow cooled from temperature. 
The impact value obtained and the fractures of the 
specimens are shown in Fig. 20. 


TABLE 12 — CHEMICAL COMPOSITION 
Iron 13 


Tete GHC «ook. s cence vated ecinyeie 3.30 per cent 
EP err ee 1.90 per cent 
EEE cons vcccvesbcessacenseaaesude 0.40 percent 
ELEC 0.006 per cent 
i eer ee eer te 0.033 per cent 
0 See eee 0.77 percent 
EEE x ccavcachpes eosivaccnecng ches 0.070 per cent 








Irons slow cooled from temperature were not em- 
brittled after 1000 hours. Those quenched from tem- 
perature developed slight embrittlement after 1000 
hours. 


Tensile Properties of Temper Embrittled Irons 


Tensile tests were carried out on three irons with 
the chemical compositions given in Table 13. 


TABLE 13 — CHEMICAL COMPOSITION 
(TENSILE PROPERTIES) 





oe Si, Mn, S, P, Ni, Mg, 
7 o7 


o7 o7 oC o7 oF 
Iron o o o € oO /o % 


14 3.5 0.24 0.013 0.097 0.61 0.054 
15 3.4 2.03 0.36 0.011 0.19 0.61 0.055 
16 3.46 2.19 0.42 0.013 0.14 0.66 0.077 








Iron 14 contained 0.097 per cent phosphorus while 
Iron 15 had an unusually high phosphorus content 
to increase its susceptibility to temper embrittlement 
and to illustrate changes in tensile fracture appear- 
ance due to temper embrittlement. Iron 16 was of an 
intermediate phosphorus content. 

The tensile results on Irons 14 and 15, together 
with the impact results obtained after various treat- 
ments are shown in Table 14. The tensile bar frac- 
tures of Iron 15 shown in Fig. 21 illustrate that the 
proportion of brittle fracture increases with the sever- 
ity of the embrittling treatment. 





Specimens of Iron 14 quenched after one hour at 
1202 F (650 C) and subsequently treated for one hour 
at 842 F (450 C) and either slowly cooled or quenched 
had higher proof stresses than irons otherwise treated. 
The specimen of Iron 15 previously quenched from 
1202 F (650C) and slow cooled from 842 F (450 C) 
also had a’ relatively high proof stress. Apart from 
these relatively high proof stresses, the differences in 


TABLE 14 — TENSILE PROPERTIES OF 
Trons 14 AND 15 





Elonga- Brinell 

0.1% Ultimate tion Hard- 
Treatment Proof Tensile % ness Im- 
Stress, Stress, on Number pact, 
psi psi Zin. 3% ft-lb 


(a) Iron 14 - 0.097% Phosphorus 
Untreated 37.200 58.900 26 141 
Lhr, 842F (450C)Q. 36.100 58.700 27.5 147 
lhr, 842 F (450C) S.C. 37.000 58.900 26.5 140 
166 hr, 842F (450C)Q. 35.800 58.500 27.5 139 
166 hr, 842 F (450C) S.C. 36.500 59.400 28. 141 
1 hr, 1202 F (650C)Q. 37.400 60.000 2% 149 
1 hr, 1202 F (650 C) Q. ; 
ik earanc . 38.300 59.400 26 144 
1 hr, 1202 F (650 C) Q. 
lhr, 842 F (450 C) S.C. 


1 hr, 1202 F (650C)Q. g- oo 
166 hr, 842F (450€)Q, 35800 58.500 26.514 


hr, 1202 F (650C)Q. ,. 58 900 
166 hr, 842 F (450 C) S.C. ——— 2s ee 


(b) Iron 15 - 0.19% Phosphorus 


Untreated 10.500 61.600 22 
lhr, 842F (450C)Q. 42600 64.300 25 
Lhr, 842F (450C)S.C. 41.700 62.700 21 

166 hr, 842F (450C)Q. 41.400 68.600 23.5 

166 hr, 842F (450C)S.C. 41.900 63.800 24 
1 hr, 1202 F (650C)Q. 39.200 61.500 18.5 
l hr, 1202 F 650€)Q. 40 * : 
iv amo“ “ = 
1 hr, 1202F (650€)Q. ,, : 

Ihr, 942F(4500)S.c. 4900 95-900 25 
1 hr, 1202 F (650 C) Q. 
166 hr, 842F (450C)Q. 11-000 — 62.000 


1 hr, 1202 F (650 C) Q. 
166 hr, 842 F (450€)S.c. 47300 . 62.700 





41.900 59.800 147 
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properties obtained after various treatments were 
small and might be considered to be within the nor- 
mal range of scatter. 

However, it may be significant that for a given 
treatment a quenched iron generally had a slightly 
lower proof stress than the iron slow cooled after 
treatment. Also for a given treatment, an iron held 
for a long time at an embrittling temperature of 842 F 
(450 C) generally had a lower proof stress than an 
iron held for a short time at temperature. The maxi- 
mum tensile stress of Iron 15 tended to vary in the 
same way as the proof stress. 

In view of the relatively high proof stresses ob- 
tained in Irons 14 and 15 quenched from 1202 F 
(650 C) prior to quenching or slow cooling from 
842F (450C) it was decided further to investigate 
the effect of tempering treatments at progressively 
increasing temperatures on an iron previously 
quenched from 1202 F (650C). It was thought that 
the highest stress proof might correspond with the 
maximum impact value obtained on tempering at 
about 662 F (350C). The tests, however, show that 
this is not the case and the maximum proof stress 
occurs on tempering at about 842 F (450 C). 

Results of these tests on Iron 16 are given in Table 
15 and shown graphically in Fig. 22. Impact values 
are included. 


TABLE 15 — TENSILE PROPERTIES OF IRON 16 





Elonga- Brinell 

0.1% Ultimate tion Hard- 
Treatment Proof Tensile % ness’ Im- 
Stress, Stress, on Number pact, 
psi psi Zin. 2% ft-lb 


None (as annealed) 40.800 62.300 26 150 8 
lhr, 842 F (450 C) Q. 40.500 62.900 28 150 3.5 
1 hr, 1202 F (650 C) Q. 40.100 62.700 26 154 9.5 


1 hr, 1202 F (650 C) Q. 
Ihr, 482F (2500)9, 12300 63200 25 2B 


1 hr, 1202 F (650 C) Q. 
thr, 482F (2500)S.c, 45000 62.700 25 23 


1 hr, 1202 F (650 C) Q. ‘ 
Ihr, 572F(300¢)G, 11-900 62.900 25 
1 hr, 1202 F (650 C) Q. 

lhr, 572 F (300 C) S.C. 


1 hr, 1202 F (650 C) Q. 
“+ ae (350 o S 43.500 63200 27 
1 hr, 1202 F (650 C) Q. 
Lhr, 662 F (350 C) S.C. 
1 hr, 1202 F (650 C) Q. 

Lhr, 752F pr o o — am 
1 hr, 1202 F (650 C) Q. 
Lhr, 752 F (400 C) S.C. 


1 hr, 1202 F (650 C) Q. 
Lhr, 842F(450C)9. 19900 —64.700 


1 hr, 1202 F (650 C) Q. : 64.700 
Lhr, 842 F (450C) S.C. aeans : 


1 hr, 1202 F (650 C) Q. 
lhr, 932 F (500 C) Q. 41.900 62.700 


1 hr, 1202 F (650 C) Q. 
Lhr, 932F (500C)S.c. 12-000 62.700 


1 hr, 1202 F (650 C) Q. 
Ihr, 1022F (550C)0. 49300 = 62.300 


1 hr, 1202 F (650 C) Q. 
1 hr, 1022 F (550C)s.c, 47-100 — 62.800 





42.100 62.500 25 


44.400 63.400 


44.400 63.600 


Q. = Quenched 
S.C. = Slow Cooled 
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Fig. 22 — Tensile and impact properties of Iron 16. 


Proof stress and, to a lesser extent, the maximum 
tensile stress of an iron quenched from 1202F 
(650 C) rises slightly on tempering at progressively 
increasing temperatures. These values reach a maxi- 
mum at 842F (450C). The proof stress of an iron 
slow cooled was higher than that of an iron quenched 
after treatment. The tempering temperature for maxi- 
mum tensile properties did not correspond with that 
for maximum impact properties, which was about 
662 F (350 C). 

Kempka!3 showed that blackheart malleable irons 
with phosphorus contents above 0.10 per cent 
exhibited pronounced increases in tensile and yield 
strength and also hardness when quenched from be- 
tween 1100 F to 1300 F (593 C to 704 C). On quench- 
ing from 1300F (704C) an iron containing 0.135 
per cent phosphorus had its yield strength (deter- 
mined by the 0.5 percent total elongation method) 
increased nearly 20 per cent while the tensile strength 
and hardness were raised about 10 per cent. 

Kempka!3 noted that the amount by which the 
strength and hardness were, increased depended on 
the rate of cooling from the temperature range 1100 F 
to 1300 F (593 C to 704C). The greater the rate of 
cooling the higher were the strengths obtained. No 
similar increase in properties of nodular irons was 
obtained by varying the rate of cooling from 1202 F 
(650 C). The greatest increase in proof stress was 
obtained on a nodular iron quenched from 1202 F 
(650C) and slow cooled after one hour at 842F 
(450 C). The increase in proof stress was about 11 
per cent and the tensile stress and hardness were in- 
creased about 4 per cent. 
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Summary 


. Ferritic nodular cast irons and malleable cast 
irons of appropriate composition, which have pre- 
viously been slowly cooled from about 1202 F (650 C) 
are embrittled when quenched from about 842F 
(450 C). By embrittlement is meant the raising of 
the transition temperature. 

2. Irons similarly treated but slow cooled from 
842 F (450C) instead of quenched have their ductil- 
ity progressively increased during the slow cooling 
cycle. After short periods at 842 F (450C) the ductil- 
ity of the iron might be fully restored. After longer 
periods at 842 F (450C) the full ductility of the un- 
treated iron, i.e., slow cooled from above 1202 F 
(650 C) is not recovered at room temperature. Nev- 
ertheless, there is a progressive increase in ductility 
on slow cooling and a slowly cooled iron is always 
more ductile than a quenched iron otherwise simi- 
larly treated. 

3. Embrittlement of susceptible irons previously 
slow cooled from above 1202F (650C) occurs by 
treatment at temperatures within the range of 752 F 
to 1112 F (400 C-600 C) but maximum embrittlement 
is obtained in the temperature range 842 F to 932 F 
(450 C-500 C). The degree of embrittlement in irons 
slowly cooled or quenched from 842F (450(C) in- 
creases with the time at temperature. 

4. A susceptible iron quenched from 1202 F (650 C) 
is more ductile than when slowly cooled from this 
temperature. This is because some embrittlement oc- 
curs on cooling through the embrittling temperature 


range 752 F to 1112 F (400C to 600 C). This embrit- 
tlement is generally small but is particularly notice- 
able in irons that are highly susceptible to temper 
embrittlement. In less susceptible irons which are 
only slightly embrittled when slow cooled from above 


1112F (600C) the increase in ductility due to 
quenching from 1202 F is not always appreciable. 

5. An iron previously quenched from 1202F 
(650 C) has its ductility further improved if subse- 
quently tempered at temperatures up to 842F 
(450 C) . Maximum ductility is obtained on tempering 
at about 662 F (350 C). Compared with an iron pre- 
viously slow cooled from above 1202F (650C) an 
iron quenched from 1202 F (650C) is only relatively 
slowly embrittled in the temperature range 842 F to 
932F (450C to 500C). Quenching from 1202 F 
raises the temperature at which maximum embrit- 
tlement occurs, and such an iron is rapidly embrit- 
tled when tempered at about 1022F (550(C). 

6. Embrittlement induced by treatment at 842 F 
(450C) in an iron previously slowly cooled from 
above 1202 F (650C) can be removed by quenching 
from 1202 F (650). 

7. The susceptibility of nodular and malleable cast 
irons to temper embrittlement is increased by addi- 
tions of phosphorus and silicon, but phosphorus is 
much more effective than silicon. 

8. The addition of molybdenum to an otherwise 
susceptible composition inhibits the embrittlement 
obtained after a given treatment at 842F (450C) in 
irons previously quenched or slowly cooled from 
1202 F (650 C). 
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9. It has been shown that an iron containing 1.9 
per cent silicon and 0.033 per cent phosphorus, which 
would not normally be considered susceptible to tem- 
per embrittlement, is embrittled slightly on quench- 
ing from 842 F (450C) after 1000 hours. On slow 
cooling, no embrittlement was detected after 1000 
hours. 

10. The embrittling phenomenon to which the 
above characteristics refer is similar in many respects 
to that described as temper embrittlement in hard- 
ened and tempered steels. However, unlike steels, 
nodular and malleable cast irons embrittled at a tem- 
perature such as 842 F (450C) are more embrittled 
when quenched than when slowly cooled from the 
temperature. In steels the reverse is understood to be 
the case and steels slowly cooled are more embrit- 
tled than those quenched from the embrittling tem- 
perature. 

11. Proof stresses are increased slightly on temper- 
ing a material previously quenched from 1202 F 
(650 C) at temperatures up to 842F (450C). The 
proof stress increases progressively with increase in 
tempering temperature and reaches a maximum at 
842 F (450 C). This temperature does not correspond 
with the temperature for maximum impact values 
which was about 662 F (350 C). The increase in 0.1 
per cent proof stress can be expected to be of the 
order of 4,500 psi in an iron quenched from 1202 F 
(650 C) and slow cooled from 842 F (450 (C). 

12. Substantial increases in yield strength (deter- 
mined by 0.5 per cent offset method) have been re- 
ported in the literature13 for malleable irons 
quenched from 1100F to 1300F (593C to 704C) 
but these have not been found in ferritic nodular 
cast irons. There is some evidence to suggest that 
nodular irons slow cooled after a given treatment at 
842F (450C) have higher proof stresses than irons 
quenched after treatment. These differences are very 
small, however, and may not be of practical signifi- 
cance, All the tensile tests carried out were on ma- 
terials tested above their transition range under ten- 
sile loading. Partially brittle fractures were obtained in 
some cases, but failure always started in a ductile 
way and good elongations were obtained. 
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DISCUSSION 


Chairman: H. E. Henperson, Lynchburg Foundry Co., Lynch- 
burg, Va. 

Co-Chairman: H. W. Rur, Grede Foundries, Inc., Milwaukee 

Secretary: C. W. Ray, Deere & Co., Moline, Il. 


MILTON TiLLeEy! (Written Discussion): This is a comprehensive 
survey of temper embrittlement in nodular irons. It may be 
used to evaluate embrittlement in malleable irons. It shows 
the effect of phosphorus and silicon and time at embrittling 
temperatures as well as the effect of quenching from above that 
range and from within that range. 

This study shows a not well known result of quenching from 
above the embrittlement range that part of the immunization to 
galvanizing embrittlement is due to moving that range to a 
higher temperature. It also points out that in no case is com- 
plete immunization attained. 

Gilbert has moved a giant step further along the road toward 
the ultimate goal of determining what causes embrittlement 
pointing out that the phenomenon in cast irons is not the same 
as in steels, both agreeing, however, that segregation to the grain 
boundaries is involved. 

C. R. Istem2 (Written. Discussion): Mr. Gilbert’s careful in- 
vestigation is of great interest to producers and users of ductile 
iron. Of special interest is the effect of composition on the 
temperature of transition from a ductile to a brittle fracture on 
impact. 

We must remember that there is no one transition temperature 
for ductile iron except for a particular set of conditions. One 
of the conditions is the presence or severity of a notch in the 
test piece. The V-notch Mr. Gilbert has used is very severe. 
His notched impact tests of a 2 per cent silicon low phosphorus 
ductile iron, untreated, show a transition temperature of —11 F; 


1. Metallurgist, National Malleable and Steel Casting Co., Cleveland. 
2. Metallurgist, Development & Research Division, The International 
Nickel Company, Inc., Chicago. 


1% Nickel 


TEMPERATURE oF 


0% Nickel 
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- 250 -200_~=—-I50 ° 50 100 


Fig. A—- Effect of Si on transition temperature of Ni-free 
and 1% Ni ferritic ductile iron. 
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unnotched tests at Inco laboratory of a comparable ferritic 2 
per cent silicon ductile iron show a much lower transition tem- 
perature, about -125F. Mr. Gilbert's 2.7 per cent silicon notched 
ductile irons had a transition temperature of 109F, while our 
unnotched tests of a similar iron again showed a lower transi- 
tion temperature, about -50 F. Figure A shows the effect of 
silicon on the unnotched impact toughness of ferritic spheroidal 
graphite irons tested in our laboratory. 

The transition temperature of a mildly notched specimen 
would be somewhere between Mr. Gilbert’s values and ours. 
Figure B, taken from Armstrong, Kahn, and Thielsch, indicates 
the effect of notch severity on the brittle behavior of Charpy 
test specimens.* 


NO NOTCH 


Fig. B — Effect of notch sever- 
ity on transition temperature of 
Charpy specimens. 






MILO NOTCH SHARP NOTCH 


TOTAL ENERGY ABSORBED 


atta sf TESTING TEMPERATURE 

Most spheroidal graphite iron castings contain between 2.0 
and 2.7 per cent silicon, and if they are designed to be free of 
severe notches, as castings usually are, they will serve satisfac- 
torily at -50 F and below, depending on the silicon content. 

The second point is an obvious one, made only to reassure 
those who might fear that their normal heat-treating cycle could 
embrittle their ductile iron castings. The heat treatment Mr. 
Gilbert has used to effect embrittlement is very unusual, that 
is, a water quench from between 650 and 1100 F. This embrittle- 
ment should not be encountered commercially, because water 
quenching from this temperature range would be most unlikely. 

V. A. Crossy3 (Written Discussion): The author has presented 
a rather comprehensive study of the various factors affecting 
temper embrittlement of nodular cast irons. In his Summary. 
under item 8, he states that “the addition of molybdenum to 
an otherwise susceptible composition inhibits the embrittlement 
obtained after a given treatment at 842F (450C) ir irons pre- 
viously quenched or slowly cooled from 1202 F (650C).” In the 
body of his paper, under the section “Influence of Molybdenum,” 
he refers to the work of Leroyer and Laplanche, who showed 
that molybdenum prevents embrittlement. The author states 
that this finding is only of academic interest rather than of 
practical value since the amount of molybdenum necessary to 
prevent embrittlement also affects the rate of graphitization 
adversely by stabilization of pearlite in blackheart malleable 
iron. 

We would like to call attention again to Laplanche’s work 
who showed that 0.11 per cent Mo was effective in eliminating 
embrittlement for holding times of 20 minutes at temperatures 
up to 650 C, and who also stated (after admitting that molyb- 
denum prolongs the time required for graphitization) that 
annealing times are generally longer than necessary, and the 
presence of 0.10 per cent Mo will be completely unnoticed in 
retarding second stage graphitization while the beneficial effects 
of the elimination of temper embrittlement are accomplished. 

E. M. Usesei4 (Written Discussion): In evaluating Mr. Gilbert’s 
paper it is important to bear in mind that his “untreated” 
material referred to throughout as a basis of comparison is in 
effect a “treated” material. 

The heat treatment which all samples received first was a 
ferritizing anneal of extraordinary proportions, i.e., holding 16 
hours at 1652F, furnace cooling to 1274 F and holding for 48 
hours, and then cooling slowly in the furnace. The usual com- 
mercial full annealing cycles will fall within these limits: 2-6 
hours at 1650 F, 4-8 hours at 1275 F, followed by a furnace cool 
or, in many cases, removal from the furnace into room air at 
1100-1200 F. The entire cvcle takes from 12 to 24 hours. Mr. 
Gilbert acknowledges the unusual length of his annealing cycle 
and the importance of the long furnace cool from 1274 F. 

Figure 16 shows that the “untreated” material gave about 


$3. Climax Molybdenum Co., Detroit. 

4. The International Nickel Co., Inc., New York. 

*Armstrong, T. N.; , N. A.; and Thielsch, Helmut; ‘Transition 
from Ductile to Brittle Behavior in Pressure Vessel Steels,” Welding Re- 
search Supplement, August 1952. 
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9° :t-lb impact value when subsequently heated to temperatures 
in the 0-300 F range and either slow cooled or quenched. These 
same curves show that the impact value climbed to 27 ft-lb on 
the specimen that was heated to 1200F and quenched, and to 
30 ft-lb when slowly cooled from 1200F. Obviously the “un- 
treated” material had been embrittled by the peculiar annealing 
cycle and the 1200F treatment counteracted this embrittlement. 
It would be interesting to know if the impact values would be 
even higher had not the material first received this embrittling 
anneal. 

The same embrittling effect of this long anneal is shown in 
each set of transition curves in Figs. 4-8. The “untreated” mate- 
rial curve lies, in all cases, between the curves of the material 
further embrittled by an 842F treatment and of the material 
which was at least partially de-embrittled by a 1202 F treatment. 

The significance of this is that the transition temperature 
curves might well be misleading, particularly to someone not 
concerned with 750-1110 F temper embrittlement. Further, the 
statement “Iron 3 with 2.7 per cent silicon and 0.03 per cent 
phosphorus . . . have. transition temperatures above room tem- 
perature in the untreated condition and are, therefore, brittle 
at room temperatures irrespective of whether they are temper 
embrittled or not,” is misleading. 

This work is unquestionably a valuable addition to the litera- 
ture on ductile iron, but I would suggest that further work 
should be done with material which has undergone only com- 
mercial annealing cycles as a prior treatment. 

G. N. J. Guert (Author’s Closure): Mr. Islieb has commented 
on the effect of chemical composition and of notching on the 
impact transition temperature. It is quite correct that the 
transition temperature quoted would have been lower had un- 
notched specimens been employed. The transition temperatures 
for my materials Nos. 1-5 in the notched and unnotched con- 
ditions are compared in Table A below. 


TABLE A 





Transition Temperature 








Iron V-notched Unnotched 
l —123 -177 
2 - il —130 
3 109 - 13 
4 - 27 -—148 
5 158 - 30 





These transition temperatures refer to the temperature corre- 
sponding to the mean impact value in the transition range and 
would be somewhat higher if the temperature corresponding to 
the start of the transition had been quoted. It is important to 
remember that these figures refer to materials specially annealed 
to insure complete homogenization of the structure by holding 
for long periods above the critical temperature, and also com- 
plete freedom from retained pearlite by holding for long periods 
just below the critical temperature. Using shorter annealing 
times, materials of similar chemical composition would frequent- 
ly contain some pearlite and would have slightly higher transi- 
tion temperatures. 

Since Mr. Islieb has taken his transition temperature as the 
start of the transition range, and also refers to commercially 
annealed materials for which shorter times were used, it appears 
that his figure of -50 F for the unnotched transition temperature 
of a 2.7 per cent Si material is rather low for a material of this 
chemical composition. 

The author is rather surprised that Mr. Islieb advises the use 
of ferritic nodular irons with silicon contents as high as 2.7 
per cent if components are designed free of severe notches and 
that under such conditions he is prepared to judge the service- 
ability from figures obtained in an unnotched impact test. The 
unnotched test may possibly be a suitable criterion of ductility 
for a component free of any notches; however, it is a rare thing 
to obtain such a component since oil holes, key-ways, changes 
of section, etc., all constitute notch effects. We have had a 
number of components which, though perfectly ductile in the 
unnotched impact test, have failed in a brittle way in service. 
In our experience we would advise that where a ferritic nodular 
iron is subject to impact loading it should be ductile in a 
notched impact test at the service temperature. This can easily 
be obtained in a 2 per cent silicon material providing the phos- 
phorus does not exceed about 0.08 per cent. 
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It is agreed that quenching in water from the temperature 
range 650F -1000F is not a common treatment in nodular 
irons, although malleable irons receive such a treatment when 
galvanized. However, embrittlement could occur in susceptible 
irons after annealing if castings were withdrawn from the furnace 
and air cooled from the temperature range 650 F - 1000 F. It is 
important, if castings are air cooled, that they should be re- 
moved from the furnace at a temperature above 1112 F or below 
about 662 F. Of course, Mr. Islieb is referring to short-time 
heat treatments in the embrittling temperature range since 
susceptible irons treated for long periods will be embrittled 
whether they are quenched or furnace cooled. 

Mr. Uebel’s remarks that the author's “untreated” material 
was, in fact, a “treated” material, is misleading. The author's 
untreated material is, in fact, a ferritic nodular iron annealed 
by a normal two-stage anneal, and slow cooled in the furnace 
after annealing. This procedure is often commercial practice. 
The author's heat-treatment differs only from this practice in 
the times employed for annealing at temperatures above and 
below the critical. Unusually long periods were employed to 
insure that completely ferritic irons were obtained irrespective 
of chemical composition, so that similar microstructures were 
compared. 

It was considered important that the transition temperatures 
should not be affected due to retained pearlite remaining in 
the structure after annealing in order to obtain a true measure 
of temper embrittlement. It is quite wrong to say that the 
longer anneal had embrittled my material to a greater extent 
than would have been the case for the normal commercial 
anneal. The degree of embrittlement which occurs on slow 
cooling, which in any case is small, depends entirely on the rate 
of slow cooling from 1274 F. There is no reason to believe that 
the rate of cooling below 1274 F employed in my annealing cycle 
is any different from that of a normal commercial anneal. 

Mr. Uebel refers to the practice of air cooling castings from 
the temperature range 1100 F -1200F after annealing. This is 
good practice and will insure a slightly more ductile product in 
irons susceptible to temperature embrittlement because suscepti- 
ble irons are slightly embrittled on slow cooling through the 
temperature range 662 F -1022F. However, a word of warning 
is called for when this practice is employed, because if castings 
are unwittingly air cooled from the embrittling temperature 
range then substantial embrittlement might occur due to air 
cooling. 

Mr. Uebel’s failure to appreciate that the author's material 
in the “untreated” condition was no more embrittled than a 
normal commercial material similarly slow cooled in the furnace 
after annealing makes much of his subsequent contribution to 
the discussion misleading. The embrittlement which the author 
has shown to occur in Figs. 4 to 8 during fairly slow cooling 
applies equally well to commercially annealed irons. 

The author cannot agree with Mr. Uebel’s remark that his 
statement that Iron 3 with 2.7 per cent silicon and 0.03 per cent 
phosphorus has a transition temperature above room tempera- 
ture in the untreated condition, is misleading, since a normal 
commercially annealed iron would be similarly embrittled at 
room temperature. In any case, even if a material of this com- 
position was quenched from 1202 F to insure maximum ductility, 
the iron would be notch brittle at room temperature. 

Mr. Uebel’s remark when referring to Fig. 16 that obviously 
the “untreated material had been embrittled by the peculiar 
annealing cycle” is untrue. The embrittlement occurred because 
the material was furnace cooled and would have occurred to an 
equal degree on commercially annealed iron. Incidentally, in 
Fig. 16 the difference in the values obtained in the untreated 
iron and the iron quenched at 1202F is magnified by scatter 
which occurred in the results. 

In England we would not advise the use of molybdenum to 
overcome temper embrittlement in malleable irons or ferritic 
nodular irons. Use of molybdenum prolongs annealing times 
and is unnecessary if the chemical composition is adjusted with 
regard to silicon and phosphorus to avoid embrittlement. It 
should be remembered that elements phosphorus and silicon, 
which increase the susceptibility of iron to temper embrittle- 
ment, also raise the transition temperature of the untreated 
iron. It is, therefore, far more satisfactory to adjust these ele- 
ments to avoid embrittlement than to treat a material of sus- 
ceptible composition with molybdenum to avoid embrittlement. 











EFFECT OF FERROSILICON AND MAGNESIUM 


INOCULATION ON NUCLEI FORMATION 
IN CAST IRON 


By 


Fredrik Hurum* 


In an earlier publication} the writer called atten- 
tion to three features which he considered instru- 
mental to the formation of spherulitic graphite in 
cast iron, viz: 


1. Creation of supersaturated strata by the mech- 
anism of fractional diffusion as a result of the addi- 
tion of ferrosilicon to the molten metal and the for- 
mation of a fine dispersion of carbon and silicon 
carbides. 


2. Formation of silicon carbides or X-particles 
which act as nuclei. 


3. Dissemination of the X-particles in the melt. 


In his earlier publication, the writer has given 
proof of the existence of the silicon carbides. The 
present investigation has verified the mechanism of 
the fractional diffusion and has thrown additional 
light on the formation of silicon carbides and graph- 
ite spherulites. The writer holds that the formation 
of graphite spherulites is not merely the result of a 
specific state of the melt, but should be attributed to 
a nucleation and a passing supersaturation. 

In the present investigation, the author has studied 
how commercial and pure ferrosilicon alloys would 
behave in a pure iron-carbon alloy and how the addi- 
tion of a little nickel-magnesium would affect the 
results. The author used a technique in which small! 
pieces of ferrosilicon were added to an iron-carbon 
melt under such conditions that these pieces would 
only be partly dissolved in the melt. The undissolved 
pieces of ferrosilicon, imbedded in a cast iron matrix, 
could then be made the object of a microscopic ex- 
amination. 

The technique as well as the results of the micro- 
scopic examination are described below. 

The author used a small high-frequency induction 
furnace for preparing the iron-carbon melts to which 
small pieces of ferrosilicon alloy were added. As will 
be seen from Fig. 1, a deep cylindrical container was 
machined from a piece of graphite and served both 
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as a melting vessel and a body in which the heat was 
induced. This graphite cylinder was lined inside with 
magnesite or quartzite to which a little boric acid had 
been added for bonding. A fairly close fitting plug of 
graphite was suspended inside the lining for the dual 
purpose of preventing oxidation and of keeping the 
top of the metal hot. 

The graphite container and the lower part of the 
plug were brought to a bright heat before receiving 
the charge consisting of 200 grams of Armco or elec- 
trolytic iron and 11 grams of powdered Acheson 
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Fig. 1 — Sketch of melting assembly. 
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Fig. 2 (Lett) — Photomicrograph of Melt 262; etched, 100X. 


White area represents undissolved silico-ferrite; dark area is 


a pearlitic matrix; light gray is acicular. Carbonaceous films 
are seen to mark the borders. Fig. 3 (Right) — Etched, 180X. 


X-particles in undissolved silico-ferrite. 


graphite. This mixture would give a slightly hypo- 
eutectic melt. Any small patches of slag were care- 
fully removed so that the temperature could be read 
from a clean metal surface by an optical pyrometer. 
At 1480C (2700F), 8 grams of nickel-magnesium 
with 20 per cent Mg were added. Thirty seconds later 
30 grams of ferrosilicon were added. The electric ef- 
fect was kept constant until 45 seconds after this ad- 
dition of ferrosilicon alloy, when the effect was turned 
off and the graphite container left for 10 minutes in 
the high-frequency furnace to cool off. It was then 
carefully lifted out and allowed to cool in the air 
with its contents entirely undisturbed. 

This practice was found to produce an ingot in 
which the pieces of the ferrosilicon addition had been 
dissolved incompletely and could be distinctly dis- 
tinguished. The ingot itself would show a white, 
chilled structure except in such places where the 
dissolution of the alloy had produced strata of an 
iron-silicon-carbon alloy. In these strata the dissemin- 
ation and growth of the nodules could be studied, 
while in the undissolved remnants of the alloy the 
formation of nuclei could be observed. By grinding 
away about 4%», inch at a time a great number of 
sections could be examined under the microscope and 
a picture of the entire process, both inside and out- 
side the undissolved alloy, could be obtained. 


The method proved quite successful although the 
borders between the undissolved remnants of the al- 
loy and the ferrous melt often proved difficult to 
examine due to the formation of cracks and heavy 
precipitations of carbon. Figure 2 shows such undis- 
solved particles of the ferrosilicon alloy imbedded in 
the fused ferrous ingot. The borders are marked by 
the carbon precipitations while the small dots inside 
the undissolved alloy are the nuclei. 

Ihe writer would like to mention that during his 
earlier experiments he had run across an intriguing 
little patch or fragment of undissolved ferrosilicon 


which he found sufficiently interesting to justify an 
investigation along the lines suggested above. This 
little patch was discovered in a Swedish charcoal iron 
which was chill-cast almost immediately after the mag- 
nesium-ferrosilicon treatment so that fragments of un- 
dissolved alloy had been preserved. 

Figure 3 reveals fine bands of strings of extremely 
fine particles covering a large part of this fragment, 
while the rest apparently consist of silico-ferrite. These 


FERROSILICON 


EPSILON PHASE 
( FeSi) 


SILICO- FERRITE 


Supersaturoted 
Carbon -Silicon Melt 


SILICO - AUSTENITE 


Precipitation of Carbides 
in Sitico- Austenite 


DISSOLUTION AND 
DISSEMINATION 


Fig. 4 — Representation of fractional diffusion in ferrosilicon 
in cast iron. 


Powdered 
Ferrosilicon 
14 grams 


Fused Top 
48 grams 


Ferrous Ingot 
170 grams 


Fig. 5 (Above) — Showing 
solid sample with fused 
ferro-silicon. 


Fig. 7 (Right)—Unetched, 
5000X. Silicon carbides 
are seen to form the cores 
of graphite spherulites. 
The matrix is seen to con- 
sist of two phases: the 
epsilon phase (FeSi) and 
silicon-ferrite. 


fine particles have since been found to be identical 
with the X-particles and are the nuclei leading to the 
formation of graphite spherulites. It was the purpose 
of this investigation to reproduce the X-particles and 
to establish their identity and study their behavior. 
They are formed whenever ferrosilicon is attacked by 
cast iron in the presence of magnesium. The bands 
or fine strings of X-particles seen in Fig. 3 represent 
a border area where the molten cast iron has diffused 
into the ferrosilicon and caused a precipitation of fine 
particles of carbides. In his earlier investigation pre- 
viously referred to, the author has explained the 
mechanism of the fractional diffusion by which the 
ferrosilicon dissolves in a ferrous melt and in Fig. 4 
he presents a graphic picture not only of the frac- 
tional diffusion but also of the formation of the sili- 
con carbides. 

The reader will note in Fig. 3 that a thin black 
stream of carbon flows through the matrix of chilled 
iron and that a number of graphite spherulites are 
found in this stream. This stream is, in fact, quite 
identical to the heavy precipitation of carbon seen in 
the borders in Fig. 2. Such streams or films are a com- 
mon occurrence and frequently assume the appear- 
ance of a separate liquid phase. The author has, for 
convenience, referred to this occurrence as the Z-liquid 
in his earlier publication. Crystals of silicon carbides 
and silico-ferrite are frequently found imbedded in 
such streams or films, which point to a fine dispersion 
of carbon and silicon carbides as being the origin. 

The first three tests deviated to some extent from 
the method described above. In the first two tests, 
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powdered metallic silicon and a powdered commercial 
ferrosilicon with 90/95 per cent Si were added to the 
surface of the molten iron-carbon alloy to which 8 
grams of Ni-Mg had been added. In both cases only 
an insignificant amount of the powder went into solu- 
tion and only a slight green patch, pointing to the 
formation of silicon carbides, was left on top of the 
ferrous ingot which solidified white with only a very 
small number of graphite spherulites. 

In the third test, however, melt No. 260, 30 grams 
of a powdered commercial ferrosilicon alloy with 75 
per cent Si were added to the top of the ferrous melt 
to which likewise 8 grams of Ni-Mg (4:1) had been 
added. The result was a ferrous ingot with a chilled 
white structure and a fused top which weighed 48 
grams while 14 grams of the powdered ferrosilicon in 
its original state covered the fused top. The ferrous 
ingot had been severed with a clean gap from the 
fused top during the contraction (Fig. 5). This test 
clearly demonstrated the effect of the fractional dif- 
fusion: the powdered ferrosilicon had absorbed more 
than its own weight of iron from the melt below while 
only very little silicon had migrated into the ferrous 
melt. A clean gap marked the upward trend of the 
migration. 

Microscopic examination of the fused top proved 
interesting. Pearlite with considerable quantities of 
graphite spherulites were encountered in the bottom 
section of the fused top, mixed with strata of silico- 
ferrite and the epsilon phase (FeSi) in various pro- 
portions. Silicon carbides were present in great quan- 
tities, often in pronounced strata and in strings, and 
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Fig. 6 (Lett) — Unetched, 200X. Silicon carbides and spheru- 
lites in matrix consisting of epsilon phase and silico-ferrite. 


often reached a conspicuous crystalline growth in the 
presence of the epsilon phase. Minute graphite spher- 
ulites in great numbers and in characteristic strings 
frequently followed the silicon carbides. Streams of 
carbon and heavy segregations of carbon (Z-liquid) 
were present everywhere. 

Figure 6 is taken from a section through this top 
where the matrix is seen to consist of two phases, the 
epsilon phase and silico-ferrite, while silicon carbides 
or X-particles and minute graphite spherulites 
abound. Figure 7 gives details of spherulites at 5000X 
and permits identification of X-particles in the core 
of the spherulites. The epsilon phase is clearly visible. 
Figure 8 at 2000 magnifications reveals a well defined 
crystal of silicon carbide having graphite spherulites 
imbedded within it and the epsilon and the silico- 
ferrite phases of the matrix are clearly distinguishable. 

It was the object of this investigation to study the 
behavior of different grades of pure ferrosilicon al- 
loys in the ferrous melt and for this purpose different 
grades ranging from 8 to 26 per cent silicon were pre- 
pared by fusing electrolytic iron (Husquarna) with 
silicon metal of high purity. The quartzite-lined graph- 
ite vessel pictured in Fig. 1 was used, and the alloy 
was left to solidify in this vessel. Its surface was later 
thoroughly cleaned by grinding and the alloy was then 
broken to small pieces, 30 grams of these pieces being 
used for the tests as previously described. The ferro- 
silicon alloys produced in the above manner proved 
to be pure and clean and under the microscope no 
trace of carbon or of inclusions could be discovered. 
Two tests were carried out with each grade of alloy, 
one with the addition of Ni-Mg and the other without 
this addition. The effect of magnesium could then be 
studied under otherwise identical conditions. 

The ferrous melt was then prepared in the usual 
manner from 200 grams of Armco or electrolytic iron 
to which 11 grams of Acheson graphite powder had 
been added, followed by the addition of Ni-Mg (8 
grams), and then the addition of the pieces of ferro- 
silicon alloy, the pieces weighing from 10 grams down- 


Fig. 8 (Right) — Etched, 2000X. Graphite spherulites are 
seen to make up a considerable part of a well-detined crystal 
of silicon-carbide. 


ward. The microscopic examination of the ferrous 
ingot, with its undissolved particles of the alloy addi- 
tion, revealed that considerable quantities of iron had 
penetrated by diffusion into the solid alloy and that 
the surrounding melt in turn had become correspond- 
ingly enriched with carbon. 

An alloy consisting mainly of the epsilon phase 
could be seen to have been transformed into silico- 
ferrite and silico-austenite before going into solution. 
Whenever Ni-Mg had been added to the ferrous melt, 
the undissolved remnants of alloy were found to con- 
tain the small black dots or nuclei as seen in Fig. 2 
while small graphite flakes took the place of the black 
dots when no magnesium had been added. In other 
words, the effect of magnesium was not confined to 
the melt but made itself apparent almost throughout 
the undissolved alloy. 

It was also found that the addition of Ni-Mg caused 
the formation of silicon carbides as well as the streams 
or films of carbon and such other heavy precipitations 
as have been described as the Z-liquid. Without the 
addition of magnesium neither silicon carbides (or 
X-particles) nor the Z-liquid could be found. Instead 
the common graphite flakes appeared everywhere. 
Formation of silicon carbides became less pronounced 
and the crystals far smaller as the silicon content in 
the alloy was reduced. The presence of such crystals 
was confined to the borders. 

In every case the ferrous ingot had solidified with a 
white, chilled structure in which the flow of the dis- 
solved alloy could easily be followed and the dissemi- 
nation of the small black dots or X-particles studied. 

Figures 9 and 10 show that the appearance of 
graphite spherulites in the ferrous ingot follows the 
flow of the dissolved alloy with the accompanying 
dissemination of the X-particles. Only a few stray 
nodules could be found outside the strata of dissem- 
ination. All evidence points to the nuclei being formed 
on the borders of the undissolved ferrosilicon, inside 
the undissolved alloy, or in the melt surrounding the 
alloy and that they are disseminated-in the melt. 








Fig. 9 (Lett) — Photomicrograph of Melt 264; etched, 180X. 
Dissemination of X-particles and formation of nodules. The 
ferrous ingot show cementite and acicular dendrites. Fig. 10 
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composed but retain the nucleating effect, 


Figures 11 (x 100), 12 (x 180) and 13 (x2000) 
show minute graphite nodules formed inside the un- 
dissolved particles of an alloy which originally held 
13 per cent silicon (melt 271). While it could be con- 
ceived that the minute nodules had been precipitated 
from a mother liquid within an incoherent pattern 
of silico-ferrite, the true explanation seems to be that 
so much iron has diffused into the silico-ferrite that a 
network of high-silicon austenite has been formed. 
This transformation of silico-ferrite into silico-austen- 
ite is a natural result of the migration of iron into the 
alloy and it will be greatly facilitated by the fact that 
carbon goes into solid solution in the austenite. 


The diffusion of carbon from the melt into the 
silico-austenite will be opposed by the simultaneous 
diffusion of silicon in the opposite direction. This en- 
counter of silicon and carbon would mean the pre- 


Fig. 11 (Lett) — Etched; 100X. The silico-austenite has been 
transformed into ferrite and pearlite. The pearlite has in turn 
rapidly been transformed into ferrite and nodules. Fig. 12 
(Center) — Unetched; 180X. Only a small amount of silico- 





cipitation of a silicon carbide, or very likely a double 
carbide containing both iron and magnesium besides 
silicon. A high-silicon austenite will only exist at a 
high temperature, close to the melting point of cast 
iron. At this temperature the precipitated carbides 
will rapidly become graphitized and form the minute 
nodules visible as small dots. 


It would of course be entirely consistent with com- 
mon knowledge and accepted views to believe that 
iron-carbides or cementite are precipitated from the 
silicon and carbon rather than silicon carbides. As a 
matter of fact it is likely that such a precipitation of 
cementite actually does take place to some extent and 
that a spheroidization and graphitization follow. Fig- 
ures 14 and 15 give evidence of such a precipitation, 
spheroidization and graphitization and it seems as if 
the nodules thus formed may sometimes assume a 


austenite has been formed and confined to a narrow network 

in the silico-ferrite. Silico tenite has decomposed to ferrite 

and nodules. Fig. 13 (Right) — Unetched; 2000X. The nodules 
as found in Fig. 12 are here clearly visible. 





(Right) — Melt 264; etched, 100X. The strata reveals flow of 
high silicon metal from dissolved alloy with X-particles and 
formation of nodules. The X-particles are almost entirely de- 
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Fig. 14 (Lett) — Spheroidization and graphitization are clearly 
visible. Mag. — 540X. Fig. 15 (Right) — Spheroidization and 


characteristic appearance. It should not be overlooked, 
however, that the specimens in question have been 
cooled down fairly slowly and under such circum- 
stances the appearance of pearlite which subsequently 
will become spheroidized and graphitized will only 
be natural. 

The author holds the opinion that the pronounced 
change in appearance of the carbon precipitated with- 


Fig. 16 (Lett) — Structure of Melt 56; unetched. Mag. 200X. 
Upper left matrix ferrite, middle zone silico-austenite in 
Process of fusion. Lower right pearlitic matrix with graphite 
spherulites. Fig. 17 (Center) — Structure of Melt 56; un- 
etched. Mag.— 200X. Upper zone unfused silico-austenite 
with X-particles (silicon carbides). Middle zone ferrite with 
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graphitization are seen to proceed. The shape of the nodules 
will depend on how this process takes place. Mag. — 540X. 


in the undissolved ferrosilicon alloy due to the effect 
of mangesium, can be satisfactorily explained by as- 
suming that silicon carbides are formed as a result of 
the silicon-austenite becoming supersaturated with 
carbon and silicon. 

Austenite is known to hold 9 per cent silicon as the 
upper limit. In this state it can only hold less than 
0.5 per cent carbon in solid solution. The precipita- 





small nodules. This zone has fused and the X-particles have 

decomposed and coalesced. Lower zone pearlitic matrix with 

Graphite spherulites. Fig. 18 (Right) — Structure of Melt 56; 

unetched. Mag. —2000X. The X-particles are the same as 

in Fig. 17. They have a striking resemblance with silicon 
carbides. 
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tion of silicon carbide would be expected to take 
place so long as carbon and silicon diffuse into the 
austenite. According to the observations of the author, 
magnesium will energetically assist the diffusion of 
carbon within the silicon-austenite and in this manner 
be instrumental to the supersaturation. The occur- 
rence of the silicon carbide points to a formation of 
silicon-austenite as an open field for the diffusion of 
carbon. On cooling down, the silico-austenite in the 
specimen is likely to have been transformed into a 
silico-ferrite under precipitation of graphite and prob- 
ably also under the continued diffusion of silicon into 
the austenite. But there is also evidence that mag- 
nesium may play a part in the formation of silicon- 
carbides in which magnesium-carbides and iron car- 
bides may be present. The smell of acetylene is a 
significant indication. 

Figures 11 and 12 bring evidence of how carbon has 
penetrated far into the undissolved silico-austenite. 
No such deep diffusion of the carbon could be found 
when the magnesium addition had been omitted. 

Graphically the fractional diffusion and the pre- 
cipitation of silicon carbides are illustrated in Fig. 4. 
Ferrosilicon is seen to pick up iron from the melt and 
in succession turn into the epsilon phase, silicon-fer- 
rite or the alpha-phase and finally austenite. Carbon 
will next diffuse into the silico-austenite and create a 
saturation with a precipitation of silico carbides to 
follow. The migration of carbon will probably be 
facilitated by the presence of magnesium but also by 
the steep gradient originating in a melt highly super- 
saturated with carbon. Due to the rapid migration of 
iron into the ferrosilicon, the surrounding melt will 
be strongly enriched with carbon. 

The writer would here again call attention to Fig. 3 
which gives such a striking picture of the fractional 
diffusion with strings of silicon-carbides in a matrix of 
silico-ferrite. The strings of fine particles of silicon 
carbides are believed to have been precipitated from 
silico-austenite which in turn has been transformed 
into silico-ferrite. In actual practice the silico-austenite 
will dissolve and release the fine X-particles as nuclei 
in the melt where they will rapidly turn into small 
graphite nodules and grow in size in a melt super- 
saturated with carbon (Fig. 4). 

The theory of nuclei formation as graphically pre- 
sented in Fig. 4 is in accord with the observations from 
a large variety of other tests dealing with spherulitic 
graphite. Figure 16 is taken from an earlier investi- 
gation by the author and shows silico-austenite with 
the decomposing X-particles as a distinct phase be- 
tween the silico-ferrite (upper zone) and the ferrous 
melt in its final condition with spherulites in a pear- 
litic matrix (lower zone) . 

Figure 17 is also taken from an earlier investigation 
and is of special interest with three distinct zones 
visible: the upper zone consists of the unfused silico- 
austenite with strings of X-particles, the middle zone 

which has just fused and acquired a ferritic matrix 
while the X-particles have partly coalesced to small 
nodules, and finally the lower zone where the cast 
iron appears in its final condition. 

Figure 18 shows the upper zone of Fig. 17 under 
great magnification. The matrix of this silico-austen- 
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ite revealed a weak pearlitic structure when etched 
and this would support the theory that the X-particles 
are identical with silicon-carbides precipitated fron: 
silico-austenite. The tendency of the X-particles to 
graphitize and form small strings leaves hardly any 
doubt as to their identity with silicon carbides. The 
X-particles are even seen to exhibit small carbon dots 
or spherulites inside their crystalline framework. 
Figures 16 and 17, like many other photographs 
give consistent support to Fig. 4. Figures 16 and 17 
also picture the heavy carbonaceous conglomerations 
which seem to be the result of the X-particles coalesc- 
ing in a supersaturated melt. Silicon carbides fre- 
quently become visible in these conglomerations and 
graphite spherulites are inseparable companions. 





Fig. 19 — Etched. Mag. — 540X. Photomicrograph shows 
border where matrix fused and X-particles coalescing to small 


nodules in melt giving pure ferritic matrix. 


Figure 19, from an earlier investigation, gives a 
picture of the border to which the fusion has just 
reached. The X-particles have here coalesced to small 
nodules and the melt has solidified with a pure fer- 
ritic matrix. Outside this matrix are seen the carbon- 
aceous conglomerations marking the border and the 
cast iron in its final condition. It is an interesting ob- 
servation that the X-particles invariably seem to co- 
alesce to graphite nodules in a high silicon mother 
liquid which solidifies ferritic. 


It appears certain that the X-particles are forming 
the core of the spherulite. Silicon carbide by origin, 
they rapidly become carbonized while coalescing to 
small nodules which rapidly grow in the supersatu- 
rated melt. While frequently retaining the distinct 
crystalline appearance of silicon carbide, the core be- 
comes graphitic by a process of metamorphosis. 

The writer in his earlier publication has expressed 
the belief that the graphite nodules are of a colloidal 
origin. This belief seems to be well founded when 
considering the fact that the silicon carbides will set 
free both silicon and carbon at a rapid rate in a super- 
saturated melt. In this complex ferrous melt, rich in 
silicides and silicon carbides, the carbon will be set 
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Fig. 20 (Lett) — Unetched. Mag.— 700X. The X-particles 
are seen here to coalesce to nodules as the matrix fuses. The 
X-particles will no longer be visible, but the nodules are ear- 


free at a faster rate than the regimented crystalline 
growth of graphite can follow. The result will be a 
fine dispersion of carbon which will follow the rule 
of Brownian movement and form the flocculent pre- 
cipitates which later will crystallize from several points 
to form spherulites. Iron will of course be entrapped 
in these flocculent precipitates and during the subse- 
quent crystallization of graphite this iron will appear 
as small bright ferrite spots so frequently encountered 
in nodules. 

Figure 20 shows X-particles coalescing to nodules. 
Figure 21 pictures heavy flocculent precipitates and 
X-particles which coalesce. The X-particles are some- 
times seen to grow in size when the matrix fused and 





marked by them. Fig. 21 (Right) — Unetched. Mag. — 700X. 
A metamorphosis of X-particles apparently takes place. The 
flocculent precipitates of carbon mixed with carbides of silicon 
will graphitize and form nodules (black). 


it looks as if carbon frequently crystallizes along the 
pattern of silicon carbides. This would be due to sili- 
con carbides being present alongside with finely dis- 
persed carbon in the melt. The presence of finely 
dispersed carbon in a melt of a complex molecular 
composition, would involve laws of colloidal chem- 
istry and would explain the many strange occurrences 
of spherulitic graphite. If a spherulite would move 
back into a fresh dispersion of carbon, a second con- 
centric flocculent deposit of carbon may form which 
may crystallize in a different manner and result in 
some of the strange appearances so well known to 
investigators. 

Figure 22 supports the evidence that nodules are 





Fig. 22 (Lett) — Full-sized nodules seen in white chilled sec- 
tion of Swedish charcoal iron. These nodules must have been 
formed in the liquid metal as the cementite around nodules 

fine dispersion of carbon and silicon carbides. Mag. — 180X. 


is intact. Mag. — 504X. Fig. 23 (Right) — Melt 262. Con~ 
glomeration of carbon near the border of undissolved silico~ 
territe. Its appearance points to a colloidal origin, probably a 





Fig. 24 — Melt 271. Mag.— 180X. This conglomeration of 
spherulites was tound inside a carbonaceous mass (Z-liquid) 
formed on the border of the undissolved silico-ferrite. Some of 
the nodules are seen to have been removed during the polish- 
ing. Crystals of silicon carbides and some irregular forms of 
graphite are found inside this conglomeration. The origin 
appears to be a fine dispersion of carbon and silicon carbides 
from which graphite spherulites and silicon carbides have only 
partly been able to crystallize. 


present in the melt and disseminated. If not, they 


would have destroyed all the cementite in the im- 
mediate neighborhood. Figures 23 and 24 show carbon 
precipitations which point to a colloidal origin. The 
simultaneous precipitation of carbon and silicon car- 
bides appears to have formed an amorphous mass of 
carbon. In other cases such precipitations are found to 
consist of a mosaic of spherulites, silicon carbides, 
graphite and an amorphous substance in which silico- 
ferrite occur like droplets. In other cases the Z-liquid 
is encountered as a constituent with a very low melting 
point. 

In connection with the above, the author would 
like to call attention to his earlier publication pre- 
viously mentioned and the fact that he was able to 
precipitate silicon carbides and X-particles from mol- 
ten pure ferrosilicon to which a little magnesium had 
been added whenever charcoal pig-iron was allowed 
to dissolve in the melt. The identity of the silicon 
carbides could be clearly established by X-ray examin- 
ation. The writer accordingly is of the opinion that 
silicon carbides may be precipitated directly from a 
ferrous melt supersaturated with silicon and carbon 
whenever magnesium has been added. This would give 
strength to the belief that a fine dispersion of both 
carbon and silicon carbides is playing a part in the 
formation of spherulites. 

The present investigation did not bring out any 
marked difference in the behaviors of the different 
grades of ferrosilicon alloys ranging from 8 to 26 per 
cent silicon, except that only in the case of the high 
silicon grades could crystals of silicon carbides be 
clearly distinguished. It was also found that the small 
black dots or minute nodules became more abundant 
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as the silicon content increased so that the conclusions 
may be drawn that a high silicon content favors the 
formation of X-particles. 


Conclusions 


1. The method described by the author permitted 
the verification of the principle of fractional diffusion 
by which ferrosilicon absorbs considerable quantities 
of iron from the surrounding melt previous to dis- 
solving. The three different phases, viz. Epsilon 
(FeSi), Alpha (silico-ferrite) and Gamma (silico-aus- 
tenite) were seen to be formed in succession. 

2. Whenever magnesium had been added to the 
ferrous melt silicon-carbides were seen to form inside 
the undissolved ferrosilicon alloy. 

3. Addition of magnesium to the ferrous melt pro- 
moted the diffusion of carbon into the silico-austenite. 

4. X-particles which form the nuclei and core of 
the graphite spherulites were seen to form as small 
black dots inside the silico-austenite as a result of 
oversaturation with carbon and silicon. 

5. X-particles are disseminated into the melt as the 
silico-austenite dissolves. 

6. It appears certain that the X-particles are silicon 
carbides which will rapidly carbonize. It is likely that 
they are mixed crystals so that they contain minor 
amounts of magnesium and iron—probably as car- 
bides. 

7. It appears likely that silicon carbides together 
with carbon are precipitated as a fine dispersion from 
a supersaturated iron-silicon-carbon melt and that 
these dispersions coalesce according to Brownian 
movement before the carbon graphitizes. 

8. In the absence of magnesium no silicon carbides 
were seen to form inside the undissolved ferrosilicon. 
In the absence of magnesium small graphite flakes 
were seen to form along side with silico-ferrite within 
the undissolved alloy. 

9. Diffusion of carbon inside the undissolved fer- 
rosilicon alloy appeared to be handicapped in the 
absence of magnesium. 
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DUCTILE IRON — ALLOYED AND NORMALIZED 


By 


C. R. Isleib* and R. E. Savage** 


ABSTRACT 

Mechanical properties were determined for four types 
of ductile iron: (a) unalloyed; (b) nickel containing; 
(c) nickel-molybdenum containing; and (d) _ nickel- 
molybdenum-vanadium containing. Section sizes varied 
from one-half to six inches. Three conditions of heat 
treatment were investigated: (a) as cast; (b) normal- 
ized; and (c) normalized and tempered. Data are pre- 
sented as charts which permit foundrymen and metal- 
lurgists to select chemical compositions and heat treat- 
ments to produce specified mechanical properties in 
various section sizes. 


Purpose 

The purpose of this study was to determine the 
effects of additions of certain alloying elements to a 
standard composition of ductile iron in three condi- 
tions of heat treatment: (a) as cast (b) normalized 
and (c) normalized and tempered. To further the 
usefulness of these data, mechanical properties were 
determined in section sizes from 14 in. to 6 in. 

Heats of unalloyed, nickel, nickel-molybdenum and 
nickel-molybdenum-vanadium ductile iron were test- 
ed systematically so that the results could be inter- 
polated to predict the mechanical properties of a 
wide range of nodular iron compositions. These data 
are plotted in curves and listed in tables to make 
them easy to use. 

Using these data, the most suitable alloy combina- 
tion and the simplest heat treatment can be selected 
to give desired properties in a casting. The data can 
be used by foundrymen, metallurgists, heat treaters, 
and design engineers to meet everyday practical prob- 
lems. Typical problems to which these data can be 
applied are: (a) Selection of an appropriate composi- 
tion and heat treatment to meet desired mechanical 
properties in various sections; (b) Prediction of 
mechanical properties of a casting knowing its com- 
position and heat treatment; (c) Determination of heat 
treatment required to give desired mechanical prop- 
erties knowing a casting’s composition and section size. 

Heat treating was limited to normalizing and nor- 
malizing plus tempering because these are the treat- 
ments most practical for the greatest variety of cast- 
ings and the most readily available to the largest num- 
ber of foundries. 


*Research Metallurgist, Research Laboratory, The Internation- 
al Nickel Company, Inc., Bayonne, N.J. 

**Metallurgist, The International Nickel Company, Inc., New 
York. 
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These heat treatments also relieve casting stresses 
which may be present in the as-cast condition. ASTM 
Specification A-396-55T for High-Strength Nodular 
Iron Castings specifies minimum tensile strength 
levels of 100,000 and 120,000 psi together with heat 
treatment. This paper can be used in designing to 
meet this specification. 


Research Program 
Alloying and heat treating of ductile iron is a 
broad subject. This investigation was intended to 
be a foundation which we hope other investigators 
will enlarge upon and extend to cover a wider range 
of compositions, heat treatments, and properties. Be- 
cause of the great number of possible variables in 


TABLE | — DuctiteE IRON COMPOSITIONS 





Chemical Analysis, % 


Mn Mg Ni 





Heat No. Mo 





0.035 
0.035 
0.056 


Nominal 3. 0.25 
1 0.24 

2 0.24 

3 3. 0.25 0.038 
Nominal . 0.035 
4 0.037 

5 0.30 0.040 

6 y 0.28 0.035 
Nominal . 0.25 0.035 
7 0.23 0.636 

8 a 0.28 0.047 

9 0.026 
Nominal 0.035 
10 0.25 0.040 

ll A 0.28 0.035 

12 0.29 0.030 
Nominal 0.035 
13 0.041 

14 0.034 
Nominal 0.035 
15 0.037 

16 0.027 

17 0.037 
Nominal 0.035 
18 0.031 

19 0.028 

20 0.031 
Nominal 0.035 
21 0.045 

22 0.030 

23 0.036 
Nominal 0.035 
24 0.029 

25 0.032 
26 0.037 


0.27 
0.25 


0.26 
0.26 
0.25 
0.24 
0.26 
0.26 


0.28 











TABLE 2 — RAw MATERIALS USED 
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Chemical Analysis, % Physical 
Material TC Si Mn P S Ti Ni Mo Vv Mg Ca Al Cu ___— Description 
Pig iron 4.33 0.70 021 0.022 0.043 0.041 Pigs 
Ferroso silicon 47/49 -15/.32 2-in. down 
Ferrog; silicon 
(inoculating grade) 86.90 80 32 3%-in. x 12 mesh 
Ferromanganese 6.71 081 74.63 2-in. down 
Ferromolybdenum 1/8 01 05 61/63 2 %-in.x 12 mesh 
Nickel 1-in. squares 
Ferrovanadium 14 = 1.23 53.87 Y-in. x 12 mesh 
Nickel-magnesium 
alloy 1.48 81.15 15.17 34-in. x 12 mesh 
Magnesium- 
ferrosilicon alloy 46.90 9.04 1.12 Y4-in. x 32 mesh 
Steel scrap 03 8.003 8.04 2-in. x 2-in. x 14 in. 





a study such as this manganese, silicon, and carbon 
were held constant. In using the data developed in 
this investigation, consideration should be given to 
lower silicon and higher manganese levels. 

Nine ductile iron compositions were made with a 
nominal base analysis of: 


3.4 percent total carbon 
2.6 percent silicon 

0.25 percent manganese 
0.03 percent phosphorus 
0.035 percent magnesium 


The nine compositions included an unalloyed ductile 
iron, three irons containing nickel alone as the alloy- 
ing element, four combinations of nickel and molyb- 
denum, and one nickel-molybdenum-vanadium com- 
position. Table | lists the chemical analyses of all the 
heats made. 

The raw materials used were commercially avail- 
able and are listed with their compositions in Table 2. 

The melting unit was a 250-lb indirect-arc rocking 
furnace with a rammed corundum lining. No flux 
was added during melting. Standard foundry prac- 
tice was used to produce the ductile iron. 

Test castings from 1%-in. to 6-in. sections were 
poured at about 2600F. The 1%-in. and l-in. size 
castings were double keel blocks while the 2, 334, 
and 6-in. sizes were single keels. Both types were well 
fed. All castings were poured in green synthetic sand 
molds. All castings were allowed to cool to black 
heat before they were shaken out. 


Feeding heads were cut off all test castings before 
heat treatment. Heat-treating furnaces were hearth- 
type resistance furnaces, and were brought to tem- 
perature before the bars were put in. A standard 
time of | hr per inch of section was adopted to bring 
each bar to temperature. By actual measurement this 
time was more than adequate to bring the centers of 
the bars to temperature. When the bars were removed 
from the furnace they were placed on a table in still 
air to cool. 

Mechanical properties were determined using stand- 
ard testing practice. The tensile specimens for sec- 
tions of 1 in. and over were 0.505 in. in diameter. 
Yield points were determined by the 0.2 per cent 


offset method. Unnotched Charpy specimens were 
used to determine impact strengths. 


Discussion of Results 
This discussion is divided into a consideration of 
the following six topics: 
(a) as-cast condition; 
(b) normalized condition; 
(c) normalized and tempered condition; 
(d) mechanical properties in | in. sections for 
all conditions; 
(e) effect of nickel; 
(f) effect of molybdenum. 

In the presentation of the data it will be shown 
that the Brinell hardness level of a ductile iron can 
be used to predict its other mechanical properties, 
provided the ductile iron is of good quality. 


As-Cast Condition 

As-cast hardness values of the nine ductile iron 
compositions in sections up to 6 in. are shown in 
Fig. 1. As alloying elements were added to ductile 
irons, their Brinell hardness values increased in all 
sections. Maximum hardness levels obtainable in the 
nine compositions tested varied from 330 BHN in a 
l-in. section to 270 BHN in a 6-in. section, for the 
3.75 per cent nickel-0.55 per cent molybdenum type. 

Relationships between hardness value, tensile and 
yield strength, ductility, and impact strength of the 
l-in. sections tested are shown in Fig. 2. These ductile 
iron properties compare favorably with and extend the 
range of those shown by other investigators. 1 2. 3 Two 
bars that were tougher as-cast than expected, at 267 and 
323 BHN, were those containing 3.75 per cent nickel 
and 0.25 per cent and 0.55 per cent molybdenum, 
respectively. Micro-examination revealed that they 


350 





section -inches 


Fig. 1— Effect of alloying elements on hardness of as-cast 
ductile irons up to 6-in. section size. 
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Fig. 2 — Mechanical properties ‘of ductile irons in 1-in. sec- 
tions as-cast. 


were over 65 per cent acicular as-cast, compared 
with the predominantly pearlitic-ferritic structures of 
the other seven compositions. Microstructure of a 
l-in. section of the unalloyed ductile iron was 80 
per cent ferritic-20 per cent pearlitic as-cast (Fig. 
3a). As nickel was added the amount of pearlite in- 
creased until at 3.75 per cent nickel the ductile 
iron was 80 per cent pearlite-20 per cent ferrite (Fig. 
3b). Nickel-molybdenum irons were increasingly aci- 
cular until at 3.75 per cent nickel-0.55 per cent molyb- 





Unalloyed ductile iron as-cast 
Fig. 3a 





3.75% Ni ductile iron as-cast 
Fig. 3b 
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Fig. 4 — Effect of alloying elements on hardness of normalized 
ductile irons in up to 6-in. section size. 


denum, the iron was predominantly acicular (Fig. 
3c). Introduction of molybdenum was always asso- 
ciated with the occurrence of small intergranular 
carbides even after heat treatment. 


Normalized Condition 

As-normalized hardness values of the nine ductile 
iron compositions in sections up to 6 in. are shown 
in Fig. 4. Highest hardness values were obtained with 
the 3.75 per cent nickel-0.55 per cent molybdenum 
composition, which varied from 550 BHN in the 
l-in. section to 380 BHN in the 6-in. section. 

The unalloyed ductile iron in a 1-in. section was 
essentially pearlitic after normalizing, (Fig. 5a), as 
were the | per cent and 2 per cent nickel irons. At 
3.75 per cent nickel, normalizing developed a pre- 
dominantly acicular structure with some ferrite 
around the graphite spheroids (Fig. 5b). The nickel- 
molybdenum irons were increasingly acicular until 
at 3.75 per cent nickel-0.25 per cent molybdenum and 


3.75% Ni-0O.55% Mo ductile iron as-cast 
Fig. 3c 


Etch — 2” Nital. Mag. — 500X 
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Unalloyed ductile iron normalized 3.75% Ni ductile iron normalized 3.75% Ni-0.55% Mo ductile iron 


Fig. 5a Fig. 5b normalized 
Fig. 5c 


Etch 2% Nital. Mag. — 500X 


at 3.75 per cent nickel-0.55 per cent molybdenum, the 
normalized structure was 80 per cent martensitic with 
a small amount of retained austenite (Fig. 5c). 


Normalized and Tempered Condition 

For the most useful combination of strength and 
ductility, tempering of ductile iron after normalizing 
is advisable—especially when the as-normalized hard- 
ness is over 400 BHN. 


Effect of tempering after normalizing in sections up 
to 6 in. is shown for each of the nine compositions in 
Figs. 6 to 14. Tempering temperatures of 950 F and 
1150 F for one hour were used. Some extrapolations 
were made and are shown by the broken lines. 


Figures 6 to 14 together with Fig. 4, make the 
basis for selection of alloy content and heat treatment 
to achieve certain mechanical properties in a given 
section size. 


Alloy additions make the hardness values more 
uniform from the surface to the interior of a ductile 
iron casting, compared with unalloyed iron. Several 
keel bars were cut in half after normalizing and temp- 
ering, and surveys were run across the cut surface of 
the bars. Comparison of the variation of hardness 
levels across 334-in. blocks for unalloyed and alloyed 
irons are shown in Table 3. 


Mechanical Properties in 1-In. 
Sections for All Conditions 

Tensile and yield strengths, elongations, and im- 
pact strengths for as-cast, normalized, and normal- 
ized and tempered ductile irons are plotted against 
the Brinell hardness in Fig. 15. These tests include a 
wide range of matrices: 20 to 95 per cent pearlite 
with ferrite; up to 90 per cent bainite with pearlite; 
and up to 35 per cent martensite. 

The best combination of strength, ductility, and 
toughness is shown in Fig. 15 by unalloyed irons or 
those containing only nickel as the alloy. The molyb- 
denum-containing irons have higher yield strengths 
between 200 and 300 BHN, but lower ultimate 
strength, elongation and impact strength. This differ- 
ence is associated with the small intergranular car- 
bides in the molybdenum-containing irons. The car- 
bide stabilizing tendency of molybdenum is strong 
and carbides have been encountered by other in- 
vestigators even in high-silicon ductile irons alloyed 
with molybdenum. 4-5 

The strength-hardness relationship of ductile iron 
is sometimes expressed by the “K” factor, tensile 
strength divided by Brinell hardness number. The 
unalloyed ductile irons and those containing 1 per 
cent and 2 per cent nickel had a higher average K 
factor, about 465 than the overall average K factor of 
430 for all nine compositions. 


TaBLe 3— Harpness Surveys Across 3-34 INcH DuctiLe Iron Bars 
NORMALIZED AND TEMPERED 1150 F ror OnE Hour 





Alloy Content, % 


Brinell Hardness Number 











Heat Ni Mo Bottom Top Center Halfway from Center to Outside 
8 0 0 240 234 228 217 228 232 
8 2 0 255 269 258 262 256 256 
14 2 0.25 269 273 269 269 262 271 
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Fig. 6 — Effect of 1-hr temper on normalized unalloyed duc- 
tile irons in various section sizes. 
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Fig. 7 — Effect of 1-hr temper on normalized 1% Ni ductile 
irons in various section sizes. 
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Fig. 8 — Ettect of 1-hr temper on normalized 2% Ni ductile 
irons in various section sizes. 
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Fig. 9 — Effect of 1-hr temper on normalized 3.75% Ni duc- 
tile irons in various section sizes. 
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Fig. 10 — Effect of 1-hr temper on normalized 2% Ni-0.25% 
Mo ductile irons in various section sizes. 
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Fig. 11 — Effect of 1-hr temper on normalized 2% Ni-0.55% 
Mo ductile irons in various section sizes. 
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Fig. 12 — Effect of 1-hr temper on normalized 3.75% WNi- 
0.25% Mo ductile irons in various section sizes. 


Effect of tempering on the microstructures is to 
coarsen the acicular structures and to ferritize the 
pearlitic structures. 


Effect of Nickel 

Nickel strengthens and hardens ductile iron con- 
sistently and appreciably in all sections. Small 
amounts of molybdenum enhance the hardening ef- 
fect of nickel. The highest tensile strength combined 
with highest impact strength and ductility up to 300 
Brinell are found in alloyed irons containing only 
nickel. 
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Fig. 13 — Effect of 1-hr temper on normalized 3.75% Ni- 
0.55% Mo ductile irons in various section sizes. 
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Fig. 14 — Ettect of 1-hr temper on normalized 2% Ni-0.55% 
Mo-0.25% V ductile irons in various section sizes. 
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Fig. 16a— Effect of nickel on as-cast 
ductile irons containing no other alloys. 





DuctTiLE IRON — ALLOYED AND NORMALIZE) 


Figures 16a to f show the effect of nickel in various 
section sizes, both as-cast and normalized, at various 
molybdenum levels. The highest hardness levels in 
all sections were obtained in the nickel-containin: 
ductile iron to which molybdenum was added. 


Nickel uniformly hardens 1-in. to 6-in. sections cf 
ductile iron as shown by the parallel nature of the 
curves in Fig. 16. 


. 


Effect of Molybdenum 


Molybdenum reinforces the hardening effect of 
nickel, allowing higher hardness values to be reached. 
Figures 17a to d show the effect of molybdenum in 
various section sizes, both as-cast and normalized, at 
2 per cent and 3.75 per cent nickel levels. Molyb- 
denum does not harden 1l-in. to 6-in. sections of 
ductile iron uniformly after normalizing, as shown 
by the non-parallel nature of the curves in Figs. 17c 
and d. 
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Fig. 16b — Effect of nickel on as-cast 
ductile irons containing 0.25% Mo. 
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Fig. 16c — Eftect of nickel on as-cast 
ductile irons containing 0.55% Mo. 
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MECHANICAL PROPERTIES VS. HARDNESS 


AS-CAST, NORMALIZED, AND NORMALIZED " 
AND TEMPERED OUCTILE IRONS 








—E 





ONE INCH SECTION SIZE 


| | 


we 
| 
pt 








+> —_—__—___-— 


grees 


| « Ni Gnd unalloyed - elongation 








° Ni-Mo . 
+ Ni ond unalloyed - impact 
© Ni-Mo . 4 








ee 
~ || 


has es Be ee | 





HARDNESS-BHN 


Specific Examples Showing Use of Data 
The practical application of this study can be 


shown by using the charts to solve many everyday 


problems. Three specific examples are cited. 


Problem 1 

A heat-treated ductile iron die block with a 4-in. 
section is required to measure 300 to 325 BHN on 
the surface. Flame or induction surface hardening is 
not permitted. What ductile iron composition and 
specific heat treatment should be used to meet the 
requirements of this casting? 


Answer: Examination of Fig. 4 shows that two alloy 
compositions are above 300 BHN in 4-in. sections. 
These are the 3.75 per cent nickel-0.25 per cent 
molybdenum and the 3.75 per cent nickel-0.55 per 
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Fig. 15 — Mechanical properties vs hardness of as-cast, normalized, and normalized and tempered ductile irons in 1-in. section 
size. 
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Fig. 16d — Effect of nickel on normal- 
ized ductile irons containing no other 
alloys. 
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Fig. 16f — Effect of nickel on normal- 
ized ductile irons containing 0.55% Mo. 





DuctTiLE IRON — ALLOYED AND NORMALIZED 
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Fig. 17a — Effect of molybdenum on as- 
cast ductile irons containing 2% Ni. 


Ql 

































































inal | | | 
- e inch section 
° 2 ” ” 
460 + 3%" *— 
© 6 * . 
420 
380 
oe a 
p< * . 
” je fb — 
wo ———— 
ee ~*~ 3/, m 
ons as eee = | re 8G 
1 + 
gern an 
220 
180 
Ol 2 a 4 5 6 7 
% Molybdenum 


Fig. 17b — Ettect of molybdenum on as- 
cast ductile irons containing 3.75% Ni. 


cent molybdenum alloys. For economic reasons, the 
3.75 per cent nickel-0.25 per cent molybdenum com- 
position is selected. As normalized, its hardness level is 
375 BHN. Figure 12 shows that tempering for one 
hour at 950 F will reduce its hardness to 320 BHN 
in the 4-in. section. This is within the range spe- 
cified. The solution to the problem is a ductile iron 
containing 3.75 per cent nickel and 0.25 per cent 
molybdenum, normalized and tempered for one hour 
at 950 F. 


Problem 2 
As-cast ductile iron in a 6-in. section is desired 
measuring 275 BHN on the surface. No surface heat 
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Fig. 17c — Ettect of molybdenum on normalized ductile irons 
containing 2% Ni. 


treating is permitted. What ductile iron composition 
will meet these requirements? 


Answer: Using Fig. 1, it is evident that only one 
composition will produce a 275 BHN in a 6-in. section 
as-cast. The solution in this case is a ductile iron 
containing 3.75 per cent nickel and 0.55 per cent 
molybdenum. 


Problem 3 

Aiming for 280-300 BHN in a 2-in. section of a nor- 
malized 2 per cent nickel-0.25 per cent molybdenum 
iron, a mistake was made in adding alloys and the 
analysis is found to be 2 per cent nickel-0.55 per cent 
molybdenum. Can the casting be saved and what 
heat treatment should be used to obtain the desired 
280-300 BHN in the 2-in. section? 


Answer: Figure 4 shows that the BHN of a 2 per 
cent nickel-0.55 per cent molybdenum iron is 345 in 
a normalized 2-in. section. Figure 11 indicates that a 
one-hour temper at about 1050F will result in the 
desired 280-300 BHN. The casting can be salvaged. 


Conclusions 

The following conclusions can be drawn, within the 
limits of the investigation: 

1. There is a simple, predictable inter-relationship 
between the chemical composition, mechanical prop- 
erties, section size, and heat treatment of ductile iron. 
Charts are presented to show this relationship. 

2. A composition and heat treatment can be selected 
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Fig. 17d — Ettect of molybdenum on normalized ductile irons 
containing 3.75% Ni. 


to produce ductile iron which will meet the re- 
quirements of ASTM Specification A396-55T for 
High-Strength Nodular Iron in sections up to 6-in. 

3. Nickel increases the tensile strength, yield 
strength and hardness level of ductile iron in all 
section sizes both as-cast and normalized. Additions 
of nickel to ductile iron increase the hardness level 
uniformly in sections from l-in. to 6-in. 

4. Molybdenum also increases tensile strength, yield 
strength, and hardness level in all section sizes both 
as-cast and normalized. Additions of molybdenum to 
ductile iron do not uniformly increase the hardness 
level in sections from | in. to 6 in. 
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EFFECT OF TEMPERATURE ON THE 


pH OF FOUNDRY SANDS 


N. D. Brinkmann* and Gordon Gottschalk** 


One of the divisions of General Motors requested 
that the Process Development Section investigate the 
condition of their core sand. This core sand was 
used in castings made in permanent molds. The 
cores produced were satisfactory. Castings were poured 
and the castings with the cores still in them were 
sent through an annealing kiln. In this kiln tempera- 
tures of around 1700 F were reached. This burned 
the binder from the sand and allowed it to flow 
freely from the castings at the exit end of the kiln. 
In appearance the burned sand resembled new sand. 
It was white in color, free of lumps, and as far as 
appearance was concerned required only screening 
and magnetic separation to be ready for re-use. 
There was just one thing wrong with it; it would 
not make good cores. 

Cores made from this burned sand were extremely 
weak in every property. It was very difficult using 
a conventional sand mixture to make a test briquet 


TABLE ] — PROPERTIES OF NEW AND BuRNED SAND 





Mixture 
Sand 100 &% 
Corn Cerea] 0.61 % 
Southern Bentonite 0.06 % 
Water 132 % 
Core Oil 0.825% 


Mixing Cycle: 1 minute dry 
2 minutes wet 
4 minutes with oil 


Properties 
New Sand Burned Sand 
Moisture, % 1.0 1.3 
Permeability 170 140 
Flowability 89 87 
Green Compressive Strength, psi 32 25 
Sag, in. 016 027 
Cracking Resistance 8 1 
Ram Hardness 46 47 
Baked 30 Minutes at 400 F 

Tensile Strength, psi 167 0 
Scratch Hardness 84 0 
Indent Hardness 62 0 
pH of Sard 5. 11.0 





*Project Engineer, Process Development Section, GMC Techni- 
cal Center, Detroit. 
**Technical Director, Thiem Products, Inc., Milwaukee. 
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strong enough to bake. And on those occasions when 
we were able to form a core specimen, it was so 
weak after baking that it could be crushed by hand. 
Typical properties of a sand mixture made with new 
sand and the sand which had been subjected to the 
heat of the kiln are shown in Table I. 

Two approaches were used in an effort to solve 
this problem. An attempt was made to produce a 
sand mixture varying the oil, the percentage of new 
and reclaimed sand, and other conditions of the sand 
mixture. This was successful on a laboratory basis 
to a limited extent, but the mixture could not be 
reproduced on a production basis and make satis- 
factory cores. 

It was also considered that by either wet or dry 
reclamation it might be possible to remove whatever 
objectionable element was causing the weakness in 
the cores. Both pneumatic scrubbing and wet recla- 
mation proved to be satisfactory. In the case of wet 
reclamation, it was not even necessary to scrub the 
sand. A pass through a wet reclaimer made it practi- 
cal for re-use. 

In an effort to discover what had been causing 
the difficulty with this sand, many of its properties 
were checked. Among these was the pH. It was found 
that the burned sand had a pH of 11, and it was 
believed that it was this strongly basic condition 
which so greatly reduced the strength of the sand 
mixture. A logical approach, then, was to attempt 
to discover what had caused this basic condition and 
to substitute for the binder, core wash, release agent, 
or other additives which we thought might be re- 
sponsible. The pH of these various materials was 
checked, both alone and in combination with the 
other materials of the sand mixture, as received 
from the vendor, and after being subjected to a heat 
of 1700 F. As a part of this investigation a sample 
of the sand with no additions was burned and it 
was found that the sand itself was the element which 
changed in pH upon heating to 1700F. 

This knowledge raised several questions. First, 
whether this condition was inherent in the sand used 
at our division alone, or whether it was a common 
characteristic of all, or of a great portion of foundry 
sands. If it were present in many sands, then what 
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TABLE 2— PH vs. TEMPERATURE 








RT 500 1000 1500 2000 2400 3000 
Whitehead Bros. 
1. #1 5.9 5.4 5.9 6.2 Fused Fused 
2. #2 6.6 6.1 6.2 5.9 5.8 Fused 
8. Grade “D” SP. D.C. 5.9 5.8 5.7 5.9 5.8 5.8 5.7 
4. Grade “C” D.C. 5.8 5.8 5.6 58 5.8 5.8 5.7 
5. McConnelsville 155 5.8 5.8 5.9 6.0 5.0 5.9 
6. McConnelsville 130 9.3 7.2 74 11.2 9.8 5.8 
7. McConnelsville 103 5.9 5.8 6.0 6.3 6.0 5.9 
8. McConnelsville 75 5.5 5.8 5.7 5.8 5.9 5.8 
9. 30-200 Tenn. Silica 5.2 5.8 5.6 59 5.9 5.8 
Industrial Silica 
10. Venango 5.9 5.8 5.7 5.8 5.8 5.8 
11. Dry Float 6.0 5.7 5.8 6.2 5.8 5.8 5.8 
12. Dry Core 5.9 5.7 5.7 5.8 5.8 5.8 58 
13. Portage Float 5.9 5.8 5.6 5.8 5.8 5.8 5.7 
14. Portage Core 6.0 5.9 5.7 5.7 5.8 5.8 5.8 
15. Portage 40/60 5.8 5.8 5.7 5.8 58 5.8 5.7 
16. National Foundry Gary 6.5 6.8 6.9 12.0 10.2 5.8 
17. Wolverine Sharp 6.3 6.0 6.4 11.2 6.8 59 
Great Lakes Sands 
18. Sawyer 6.8 6.5 6.4 11.4 9.6 5.9 
19. Ludington 6.2 6.1 6.2 11.0 76 5.8 5.7 
20. Michigan City 6.2 6.1 6.2 11.0 10.0 5.8 
21. Gary 6.6 5.8 6.1 11.7 76 5.9 
22. South Haven 6.4 6.0 6.1 11.2 7.1 6.1 
23. Miller 6.7 6.2 6.3 12.4 7.0 6.4 
24. Grand Haven 6.6 6.0 6.0 11.8 7.2 5.7 
25. Muskegon 5.7 5.6 5.6 6.4 5.8 58 





was the cause, and could a chemical analysis or a 
relatively simple test be used to determine whether 
the sand when heated to above 1500 F would turn 
basic? 

Samples of sand were obtained from several sand 
producers. These sands came from Albany, N.Y., 
Dividing Creek, N.J., McConnelsville, N.J., Tennes- 
see, Venango, Ohio, Portage, Ohio, Gary, Ind., 
Sawyer, Mich., Ludington, Mich., Michigan City, 
Ind., South Haven, Mich., Miller, Mich., Grand Ha- 
ven, Mich., and Muskegon, Mich. Bank sands, lake 
sands, and sands of varying degrees of purity were 
included. The samples received were thoroughly 
mixed using a splitter, so that they could be con- 
sidered representative. The sands were then heated 
to various temperatures, and the pH taken after 
subsquent cooling. As shown in Table 2, Lake Michi- 
gan sands tended to rise in pH after having been 
heated to 1500 F. However, further heating above 


TABLE 3 — PROPERTIES OF VARIOUS SANDS, 
FIRED AND UNFIRED 





Green Baked 
Compres- Ten- 
sive sile Hardness 
pH _ Strength Strength Indent Scratch 





|. Sawyer 6.8 0.5 275 82 73 
2. Sawyer — Fired 11.8 0.55 272 94 80 
3. Sawyer — Delco-Remy 11.5 0.25 0 0 0 
t. Michigan City 6.2 0.47 262 95 77 
5. Michigan City Fired 11.0 0.40 266 94 79 
6. Portage Core 6.0 0.60 109 78 44 
7. Portage Core Fired 5.8 0.45 101 82 43 
3. Portage 40/60 5.8 0.40 210 91 80 
9. Portage 40/60 Fired 5.8 0.40 183 91 77 
10. Wedron 60 5.7 0.35 272 94 91 


11. Wedron 60 Fired 5.8 0.30 292 94 84 





2000 F reversed this tendency, and after being heated 
to 2500 F all of these sands became neutral. Further 
heating to 3000 F caused no further change. 

One inconsistency is worthy of note here. Two 
Muskegon sands obtained from different suppliers 
but with the same general chemical analysis were 
both heated to the same temperatures. One of them 
followed the general trend of Lake Michigan sands 
and became basic at 1500 F, while the other at no 
time showed any rise in pH. Also, at the other end 
of the scale, one McConnelsville sand chemically 
identical with the other McConnelsville sands tested 
showed a rise in pH value. 

Batches of core sand were then prepared with sands 
which when heated to 1500F changed in pH and 
with other sands which showed no change after heat- 
ing. The physical properties were tested. The result 
of these tests are shown in Table 3. 


Variation in Tests 
Variations existed when tests were duplicated on 
different samples of the same sand. A Muskegon sand 
obtained from one supplier showed no change in 


TaBLE 4— PH or PDS MuskEGON LAKE SAND Vs. 
TEMPERATURE AT VARIOUS TEMPERATURES 








Temp.., F pH Temp., F pH 
800 5.8 1500 6.7 
900 5.5 1600 73 

1000 6.2 1700 6.9 
1100 6.5 1800 6.7 
1200 75 1900 6.7 
1300 6.8 2000 75 


1400 7.1 











TABLE 5 — CHEMICAL COMPOSITION OF SANDS TESTED 





EFFECT OF TEMPERATURE ON SANDS 





Michigan McConnels- Portage Portage Portage 
Miller Gary Ottowa City ville Venango Float Core 40-60 Albany 

Silicon Dioxide 93.3 89.5 99.89 93.9 95.28 95.64 97.38 97.50 99.10 75.6 
Iron Oxide 2 ? 4.06 4.76 01 387 1.06 1.94 593 530 -182 4.6 
Aluminum Oxide { 7 .04 3.3 2.39 72 94 1.05 .. a 11.9 
Titanium Dioxide 175 -150 153 045 
Calcium Oxide 1.52 2.6 34 Trace 04 10 04 08 1.1 
Magnesium Oxide 12 32 04 12 Trace 02 07 01 .06 27 
Posphorous Pentoxide Trace 035 
Potassium Oxide } 28 .29 19 ll .03 2.20 
Sodium Oxide jf : 02 01 Trace 1.3! 
Loss on Ignition 24 62 30 65 1.33 48 53 .23 2.70 





pH whatever on being heated through various tem- 
peratures to 2400 F. This sand was heated to 2000 F 
in 100 F increments with little change in pH. This is 
shown in Table 4. A second Muskegon sand obtained 
from a different supplier followed the general curve, 
becoming very basic when heated to 1500 F and losing 
this property when heated further. Four McConnels- 
ville sands were tested, and three of them showed no 
change in pH whatever when heated through the 
range. The fourth, a McConnelsville 130, reached a 
pH of 11.2 when heated to 1500 F. 

The mass of sand exposed to high temperatures 
apparently also had some effect. When Sawyer sand 
was heated in small lots it reached a pH of about 11 
at 1500 F. But when a 50-lb sample was heated to 
1700 F to check the properties of a core mixture, it 
was found that it remained acid. Further heating to 
2000 F caused an increase in pH to 11.8, although 
the small sample had already begun to decrease in 
pH at that temperature. 


Reason for the Change in pH 


Those sands which showed a change in pH on ex- 
posure to high temperature had one quality in com- 
mon, as shown in Table 5. There was calcium, re- 
ported as calcium oxide, present in amounts varying 
from 0.3 of 1 per cent up. This was not in itself rea- 
son for rejecting the sand. All samples of this sand 
were subjected to the “lime test,” wherein a small 
sample of the sand was poured into dilute hydro- 
chloric acid. According to general foundry practice, 
sand which is unsatisfactory from the standpoint of 
lime content will show considerable effervescence 
when this test is applied. This effervescence did not 
occur when these sands were tested. 

It is our belief that the calcium carbide present in 
the sand in the forms of minute particles of sea shells 
was converted by the heat to calcium oxide, result- 
ing in a marked change in pH. Further application 
of heat caused the combination of this calcium oxide 
with other materials present and again reduced the 
pH. 


Effect of Metal Temperatures on Foundry Sands 


Since the temperature which caused the change in 
pH of these sands was less than 2000F and, there- 
fore, considerably less than the pouring tempera- 
tures encountered in ferrous foundries, the question 
arose as to whether the continual exposure of mold- 
ing sand to molten metal might not cause a change 





in the pH. A study had been conducted previously on 
three lines of a General Motors gray iron foundry. 
The pH of each line was taken and one reading per 
day recorded. If any great change in the pH of the 
sand in the system was effected by the constant ex- 
posure of the sand to the molten metal, it should 
have shown up over the month and a half period in- 
cluded in this test. No such change was noted. 

It is possible that the acidity of the binders may 
have caused the overall pH of the sand to remain 
relatively constant. The readings taken from Febru- 
ary 25 to April 12 are shown in Table 6. It is worthy of 
note that there was no pH reading of the sand above 
7.60 and no reading below 7 on any of the three 
lines. It seems a justifiable conclusion, therefore, that 
the pH of the molding sand is not affected by re- 
curring exposure to metal pouring temperatures. The 
reason for this may be in the relatively short duration 
of the exposure of sand to high temperature. 

Another source of sand which might be affected 
by exposure to pouring temperatures is core knockout 
sand. However, a check of knockout sand received 
from one of the General Motors foundries indicated 
that this sand was acid in character. It, therefore, 
appears that no measurable change of pH can be 
isolated and attributed to the exposure of the sand 
to molten metal temperatures. 


Conclusions 
The conclusions drawn from this study are: 


1) Sand varies chemically from lot to lot, even from 
the same pit. _ 

2) The pH of sand is effected by heating to tem- 
peratures above 1500 F. 

3) A rise in pH has been associated with a decrease 
in physical properties of baked cores. 

4) In those cases where this decrease in properties 
take place, it is not possible to re-use the sand 
without some form of reclamation. 


There is one general conclusion that has been 
arrived at in this study that is very important. The 
great variation that is evident between these tests in- 
dicates strongly the need for close supervision of 
every variable in a sand mixture. Almost all foun- 
drymen take for granted the idea that sand is a con- 
stant. Actually there are many differences between 
two lots of sand, even when taken from the same pit. 
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This is borne out by the findings of other investi- 
gations. Recently it was reported that the sintering 
cint of sand from the same pit has varied from 
2200 F to 2600 F. It is generally agreed that the sin- 
tering point of sand is a property which, like pH, is 
affected by the presence of limes. 
The results obtained during this investigation are 
fragmentary. Much more could be learned, if the pH 
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of production sand mixtures were taken in many 
foundries and at many points in the system. 

pH can be an indicator to show a change in the 
condition of incoming materials. As such, it will help 
eliminate scrap by telling when a change has occurred 
in the mixture, without waiting for the variation to 
be noticeable in the scrap report. 


TABLE 6 — PH oF MOLpING SAND 








Flowability Sea Corn Western Southern 
Date Additive Coal Flour Bentonite Line 1 Line 2 Line 3 Bentonite 
2-25 7.35 7.40 7.50 
2-2 9.15 7.40 7.50 7.50 
2-28 7.25 7.25 No Sample 
3-1 7.90 7.35 7.25 7.35 
3-2 7.30 7.25 7.40 
3-3 7.15 7.40 7.35 
3-4 7.20 7.30 7.45 
3-5 7.25 7.20 7.45 4.55 
3-7 7.30 7.35 7.35 
3-8 7.35 7.20 7.60 
3-9 7.20 7.25 7.55 
3-10 7.35 7.30 7.60 
3-11 9.35 7.45 7.20 7.50 4.20 
3-12 7.35 7.20 7.30 
3-14 5.4 7.70 7.45 7.55 7.40 
3-15 7.50 7.55 7.55 
3-16 7.60 7.45 7.60 
3-17 7.40 7A5 7.55 4.65 
3-18 7.60 7.45 7.60 
3-19 7.35 7.40 7.45 
3-21 7.30 7.35 7.55 
3-22 7.35 7.40 7.50 
3-23 7.35 7.45 7.55 
3-24 7.25 7.30 7.50 
3-25 7.30 7.35 7.45 
3-26 7.40 7.20 7.20 7.35 4.15 
3-28 7.30 7.25 7.35 
3-29 7.20 7.25 7.40 
3-30 7.15 7.35 7.35 
3-31 7.10 7.30 7.45 3.95 
t-1 7.10 7.25 7.40 
1-2 7.00 7.20 7.40 
1-4 7.30 7.00 7.20 7.35 
4-5 7.05 7.25 7.30 
1-6 7.15 7.30 7.35 
4-7 7.20 7.30 7.40 
1-8 7.15 7.35 7.40 
4-9 7.20 7.30 7.45 4.20 
t-1] 7.20 7.35 7.40 
4-12 9.10 7.25 7.35 7.35 
Aug 7.29 Aug 7.32 Aug 7.44 




















NEW TECHNIQUES FOR FINDING “COME AND GO” 


CAUSES THAT AFFECT QUALITY 


By 


E. C. Zuppann* 


Foundrymen are continually looking for methods 
of improving their products. There are times when, 
for no explainable reason, the castings come out 
better than usual, but before we can determine the 
cause of the change everything has returned to nor- 
mal. At other times a defect that spoils a casting 
may appear and disappear for no apparent reason. 
Much money has been spent with little result at- 
tempting to find the causes of a few of these defects. 
It may be that the methods described in this paper 
will be useful in finding answers with a known de- 
gree of certainty. 

The traditional method of finding the effect of a 
given change was to vary one specific condition while 
holding all others constant. The one specific condi- 
tion could be varied easily. However, we deluded 
ourselves when we thought all others stayed con- 
stant. For instance, try varying the strength of mold- 
ing sand and still keep all other test values and all 
ingredients constant. It is impossible. With all the 
investigations of single causes it is probable that 
most of them have been discovered and documented. 
The big problem now is discovering the identity of 
several causes working together to produce high 
quality castings or scrap. 

The “ranking” method described here requires 
little education. However, common sense, a willing- 
ness to learn, and a desire to not “stick ones neck 
out” probably are needed. The method is fast, sim- 
ple, and quite accurate. Statistically educated readers 
will find in this method a handy substitute for 
“analysis of variance.” which is more accurate than 
this ranking method, but is slower and requires an 
advanced education in statistics, The method de- 
scribed is also a partial substitute for the long, tedi- 
ous, involved, “multiple correlation” which requires 
not only a statistician, but computor equipment as 
well. Such modern methods of analyzing data have 
been used extensively in the more advanced research 
laboratories. These techniques have been applied 
in the foundry industry only a few times. 


*Foundry Engineer, The Oliver Corporation, South Bend, Ind. 
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Shop Versus Laboratory 


Previous studies have dealt with the use of new 
materials and their effect on castings. These were 
usually laboratory studies. 


A foundryman with high scrap has a problem op- 
posite to that of finding the effect, described above. 
He has the effect (scrap), and must find which 
materials, methods, conditions or combination of 
these are responsible. In writing about these new 
methods of analyzing data J. M. Moroney! states, 
“Perhaps most important of all, it enables research 
to leave the controlled conditions of the laboratory 
and proceed in the rough and tumble of the factory 
where, after all, the results of experimental work 
have finally to be turned into production processes 
reasonably immune from trouble.” 

Shop conditions including machines, materials, 
methods, and men determine the quality of a cast- 
ing. Let us explore these shop conditions in the 
foundry where they originate. The problem is to 
separate fact from fancy or wishful thinking. 


Gathering Data 


Conditions are never stable. We have higher and 
lower strengths of test bars, analysis of metal, 
moisture in sand, etc. The variations of three or 
four items might be combining to produce a good 
or poor effect. Often, the answer to our question 
lies at our finger tips waiting to jump to our aid. 

Paraphrasing Moroney! “Really, the slipshod way 
we deal with . . . records is a disgrace to civilization. 
Never have so many . . . records been collected in 
files and left unanalyzed. Never have so many .. - 
records been taken out of files and misread. Yet, 
it is easy enough: to learn the arts of interpretation; 
to learn when it is safe to say definitely one thing 
or another; to learn when judgment must be sus- 
pended.” 


Many problems can be solved by using records 
already in our files. Proper selection of data and 
interpretation of results are always necessary. 
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E. C. ZUPPANN 


et us consider the conditions under which “come 
and go” effects are produced: 


1) There are better and poorer periods which may 

last hours, days, weeks or more. 

Generally, the majority of castings are normal, 

which indicates that the average conditions are 

normal. 

The causes of the “come and go” effects must be 

conditions that are usually considered normal, 

but are probably off to one side of the average. 

4) An abnormal condition will produce abnormal 
castings in proportion to the time the abnor- 
mality exists. 

5) The severity of an abnormal effect will depend 

upon severity of the cause. 


no 


3) 


With the above five points in mind consider the 
relationship of the usual foundry records to these 
abnormal conditions. The test results and process 
logs record data continuously, hourly, daily, weekly, 
and sometimes monthly. Regardless of how they are 
set up we can obtain answers from them. The best 
data is that which is broken down into the smallest 
possible units of time. 

Scrap records are usually made daily. However, 
many plants make quality control sampling checks 
hourly. Hourly sampling checks are more quickly 
available and are usually considered more valuable 
data than daily scrap records, although, either may 
be used. 

The investigator must give some sort of quality 
rating to each unit of time involved. Combining 
hourly checks of scrap to arrive at a daily quality 
rating factor is often done when much of the in- 
formation on causative conditions is recorded once 
an hour. 

For the purpose of example we shall take a daily 
rating factor. In studying the data we determine 
the best days and the poorest ones. If our data 
covers 15 to 30 days we may take the five best days 
to compare with the five poorest days. If we have 
over 30 days involved it might be better to take 
the ten best days to compare with a similar number 
of poor days. 

If we have a long-run job it is quite easy to deter- 
mine the good and poor days. However, the short- 
run shop has a method to use so as to be able to 
rate each day. This method has been adapted from 
a suggestion by J. R. Speer.* 

The susceptibility of a casting to a defect must 
first be rated. Actually we determine the average 
scrap that is to be expected on a normal day. This 
is done by finding the average scrap over an ex- 
tended period of time. A number of high-scrap cast- 
ings are rated in this manner so that one to three 
are run most days. Table I illustrates the method. 

The left-hand column for each day is the per- 
centage of scrap for that day. Such a figure could 
be the percentage of scrap from a single type of 
defect or from several related defects. These are 
added horizontally and the average percentage of 


*Texas Foundries, Inc., Lufkin, Texas. 


TABLE | 
1-11 1-12 1-13 1-16 1-17 1-18 1-19 1-20 1-23 1-24 1-25 


1-10 


1-9 








Date* 1956 


des 
3Ua019g 
a8eisay 


aay jo % 
dens % 
aay Jo % 
deg % 
aay jo% 
dessg % 
aay jo % 
dessg % 
aay jo % 
deg % 
aay jo % 
deing %, 
aay jo % 
deisg % 
aay jo % 
deisg % 
aay Jo % 
deing % 
aay Jo % 
deing % 
aay jo % 
deirsg % 
aay jo % 
dens % 


wy jo% 


i 


Job 
or 
Pattern 
Number 3° 


1.77 
1.1 
1.16 
$.82 
2.85 
2.65 
93 
17 
1.17 


2.5 


109 
107 
70 


130 


1.2 


4.1 
2.0 


127 
138 
125 


3.8 
4.8 


124 
118 
103 
105 
113 


1.3 
1.2 
4.0 
3.0 


3.1 


168 
195 
88 


4.2 
3.4 


5.0 


46 
13 


0.5 
0.4 


0.8 


100 
126 


117 


1.8 
3.6 
0.9 


5 


46 
34 


0.8 


0.4 
0.4 


100 


104 


1.8 
08 


114 
164 
164 


2.0 
1.8 
1.9 


65 


63 


0.6 


2.4 


52 
21 


/ 


0.4 
0.6 
1.0 
0.2 
0.6 


84 
95 


170 


3 


2.4 
2:5 
l 


48 


69 


0.8 





416 
104 
7 


542 
136 
11 


563 
113 


551 
184 
13 


141 


343 
114 
10 


14 120 0.7 60 

395 192 

99 48 

12 6 2 


743 
149 


120 
338 
68 
5 


1.4 


3 


*Hourly results may be used in place of days. 


103 
357 
51 


1.2 


429 
107 
8 


1 The average is a quality rating factor for each day. 
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scrap for the period computed for each job. Going 
back to the days, the computation is made to deter- 
mine what percentage the daily scrap figure is of 
the average percentage of scrap that can be ex- 
pected. Thus, in the upper left corner of Table I: 
1.2 per cent scrap is only 48 per cent of the average 
percentage of scrap that is to be expected for this 
job, which is 2.5 per cent. 


The figures for the percentage of average scrap 
are added vertically for each day and the average 
is found. This average is actually a rating factor 
for each day. Using this rating we find the five best 
and five poorest days for comparison. For the most 
accurate results the average percentage of scrap 
should be obtained from several weeks to a year's 
data even though the daily rating factor is obtained 
on a relatively few days. 

The comparison for this example will be between 
data shown in Table 2. 


Possible Causes 


In accumulating data concerning causes, one must 
suspect everything. Surely if the cause had been 
known it would have been corrected. The defects 
that sand traditionally has been blamed for probably 
have some cause factors in the metal and vice versa. 
The best polity is to use all records available. The 
sand records, laboratory analysis sheets, the heat log, 
etc., are obtained for the ten days being compared. 
Usually the figures for the good or poor days show a 
variation within each group that overlap the figures 
in the other group of days. Averages mean little in 
cases of this sort until one has proved that a signifi- 
cant difference exists between the two sets of days. 


Ranking Method of Analyzing Data 


A small group of the best days and the poorest 
days is chosen, with a substantial number of average 
days left out. Such a procedure assures that the two 
groups of days are significantly different from each 
other. We must now determine which variables show 
a similar significant difference and which do not. 
Therefore, we must determine the probability of the 
data occurring by chance alone before making any 
statement that a real difference does exist in some 
factor between the good days and the poor. 


Usually, if there is less than one chance in twenty 
of being wrong, one is willing to claim a relationship. 
The less the probability of error, due to the many 
chance variations, the safer it is to claim a correlation. 
One must always remember that the figures at hand 
might be the one chance that was produced by luck. 














TABLE 2 
Good Days Poor Days 
Dates Rank Dates Rank 
1/ 9/56 4 1/13/56 9 
1/11/56 3 1/18/56 7 
1/12/56 5 1/20/56 10 
1/17/56 2 1/23/56 6 
1/19/56 2 a 1/24/56 8 
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The probability of error due to chance is express« 4 
as a decimal such that, for example: 


Probability of error = 0.025 

Error will probably occur = 2.5% of the time 

Chances of error = 2.5 in 100 times 
or = 5 in 200 times 


All of which are exactly the same. 

Almost all statisticians feel that insufficient daia 
exists to claim a correlation if the probability of 
error due to chance variations is greater than 0.(5 
or one chance in twenty. 

Although there are several methods of determining 
whether a significant difference exists, by far the 
simplest, quickest, and most easily understood is the 
ranking method. In most cases the method will give 
results that are entirely adequate. 

Only one of many techniques will be demonstrated 
in this paper. The test for unpaired data was de- 
veloped to a great extent by Frank Wilcoxon? who 
has applied ranking methods to research work of the 
American Cyanimid Co. 

As far as we know the general factors are about 
the same one day as they are the next in a foundry. 
True, we have variations due to a great number of 
small causes, but the chances are that these causes 
affect the foundry as much one day as the next. 
Comparing the data from a set of good days with 
that from a set of poor days is valid. 

Let us consider that the data in Table I repre- 
sented the percentage of blows found on the various 
castings. The sand properties should be studied in 
case the defects are mold blows. The cores must be 
checked to determine if the blow is from the core. 
The metal condition must be checked, since analysis 
and temperature play an important part in blows. 

A few of the many items that should be checked 
will be illustrated in order to demonstrate the tech- 
nique. The majority of castings produced were good 
even on the poor days. Therefore, average values 
of moisture, permeability and other factors are not 
used. Only the extreme conditions are investigated. 
Usually, the time at an extreme condition is pro- 
portional to the scrap produced. 

The data shown in Tables 3 through 11 are listed 
in order of the dates of the good and poor days 
found in Table 2. The dates are left out for sim- 
plicity. The information as shown in each title is 
obtained from shop and laboratory records. 

After listing the data we find the average. In Table 
3 the good days show 15 half hours with high 
moisture, while the poor days show 25. To be decided 
now is whether these are true differences or whether 
they could have come about by mere chance fluc- 
tuations. In other words, “How consistent are the 
data?” 

First, we must rank all ten days in order of value 
starting with the lowest number of half hours as 
1 and the highest as 10. Tied values are given the 
average of the two ranks. Thus, the two No. “5” 
half hours would be ranked 6.5 which is the average 
of 6 and 7, Second, add the two rank columns and 
note the smaller total, 21. Table 13 gives the proba- 
bility of obtaining a total as low or lower than 2! 
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T«3Le 3— NUMBER OF HALF Hour MolstTurE CHECKS 
oF SAND IN UppER 14 OF NORMAL RANGE 








Good Days Rank Poor Days Rank 
l 1.5 3 4 
2 3 6 8.5 
5 6.5 7 10 
6 8.5 5 6.5 
l Lf 4 5 
Total 15 21.0 25 34.0 
Average 3 5 


Probability of chance occurrence over 0.05 





TABLE 4— NUMBER OF HALF Hour PERMEABILITY 
CHECKS OF SAND IN LOWER 14 OF NORMAL RANGE 








Good Days Rank Poor Days Rank 
1 1.5 1 15 
2 3.5 5 6 
6 8 8 10 
5 6 7 9 
2 3.5 5 6 
Total 16 22.5 26 $2.5 
Average 3.2 5.2 


Probability of chance occurrence over 0.05 





TABLE 5— NuMBER OF HALF Hours DEFORMATION 
OF SAND IN UPPER 14 oF NorRMAL RANGE 








Good Days Rank Poor Days Rank 
2 ] 4 8 
6 4 10 8 
7 5 12 10 
8 6 11 9 
8 2 g 7 
Total 26 18 46 37 
Average 5.2 9.2 


Probability of chance occurrence 0.05 





TABLE 6 — PERCENTAGE OF ALL Cores WITH 
Cotor Ratinc Less THAN 3 (1 To 10 SCALE) 








Good Days Rank Poor Days Rank 

20%, 8 2507, 10 

2% l 15% 6 

8%, 3 16%, 7 

5% 2 1%, 5 

10% 4 21% 9 

Total 45 18 88 37 
Average 9% 176% 


Probability of chance occurrence 0.05 





TABLE 7 — PERCENTAGE OF TIMES PouRING TEMPERA- 
TURE CHECKED IN LowER 14 OF BELow 2580F 
NorMAL RANGE 
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by chance alone if the time at high moisture is in 
reality the same for both groups. The probability 
is found to be far higher than 0.05. Therefore, we 
conclude that there may be no correlation between 
blows and high moisture. However, moisture may 
have a contributing influence on some other factor. 
The data show too much variation within them- 
selves to be significantly different. More about this 
later. 


Proceeding with Table 4 we rank the time at low 
permeability and find that it follows the moisture 
closely. This is not unusual. Again we can not claim 
a correlation, for the probability of the figures being 
arranged the way they are because of chance varia- 
tions is greater than 0.05. 


In Table 5 we find that there is a significant dif- 
ference between good days and the poor days when 
considering the time at high deformation. 


An investigator must resist the temptation to stop 
with the first proven correlation. There can be and 
probably are several contributing causes for any de- 
fect in the foundry. Important also is discovering 
which factors are least likely to contribute to scrap 
sO as not to waste time trying to change them. 


Table 6 indicates that light-colored cores also play 
a part in blows. The scale used was from | for very 
light-colored cores to 10 for black cores. Colors 4 to 7 
are considered normal good practice. 


The amount of times that slightly cold metal was 
poured is shown to be a factor in Table 7. In Table 8 
we find there are insufficient data to prove that low 
tapping temperature is a factor. By another ranking 
technique not demonstrated in this paper it was 
found that percentage of time that the pouring tem- 
perature was low was closely related to the time the 
tapping temperature was low, with a probability of 
chance occurrence of less than 0.001. These two Ta- 
bles indicate that the pour-off man’s judgment of 
temperature had a lot to do with blows. 


The interdependency of deformation and low pour- 
ing temperature is demonstrated in Table 9. Here we 
have combined two factors and find that the effect 
of them working together is more likely to produce 
scrap than when only one was out of line. 


The carbon equivalent of the gray iron can not be 
proved to be a major factor in blows, with the pres- 
ent data in Table 10. With the low rank total of 21.5 
one might suspect the carbon equivalent to be a 
slight contributing cause. 


TABLE 8 — PERCENTAGE OF TIMES TEMPERATURE OF 
METAL FROM ELEcTRIC FURNACE BELow 2850 F 














Good Days Rank Poor Days Rank Good Days Rank Poor Days Rank 

2% 2 15% 10 7% 3 20%, 10 

0% 1 9% 7 3% 2 10% 5 

8%, 6 12% 9 12% 6 18%, 9 

5% 4 4% 3 8% 4 2% 1 

6% 5 10% 8 16% 7 17% 8 
Total 21 18 50 37 Total 46 22 67 33 
Average 4.2% 10% Average 9.2%, 13.4% 


Probability of chance occurrence 0.05 


Probability of chance occurrence over 0.05 
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The best correlation is tound, in Table 11, with 
the amount of time the cupola showed black slag. 
The probability of chance occurrence is only 0.02 or 
one chance in fifty, which indicates a high degree 
of correlation. 

We wish to obtain an idea of about how much of 
the variation in blows is explained by the five factors 
that showed correlation. The technique is beyond the 
scope of this paper. However, a fair idea can be ob- 
tained by summarizing the results as shown in Table 
12. The ranks as found before in the tables are en- 
tered for each day for each cause. The ranks are 
totaled vertically. These totals are themselves ranked 
horizontally. The results are compared with the 
original ranks of the days as to blows from Table 2. 

The summary indicates that a great majority of 
the causes of blows in this particular foundry at this 
time are accounted for. Differences of only two be- 
tween the two rankings is very small. 

With the summary at hand we can look back over 
these ten days and discover why they were good or 
poor. Each day the scrap was produced by a different 
group of causes. Correcting any one factor helped, 
but could not guarantee that two or three others 
would not slip out of line and give the same defect. 


Written Summary of Data 


Jan. 9 Dry brittle sand, with no excess moisture, 
together with little cold iron and only a few 
minutes of black cupola slag, was able to 
compensate for excessive green cores. 

Jan. 11 Sand on the dry side, with well-baked cores, 
no low temperature metal poured and no 
black slag gave the low scrap loss. 

Jan. 12 Well-baked cores saved this day, none of the 
other factors was radically out of line. 

Jan. 17 Again, well-baked cores are the main factor 
with hotter less oxidized metal helping. 

Jan. 19 No oxidized iron this day probably accounted 
for the low loss from blows. Two other fac- 
tors helped: dry brittle sand, and the fact 
that what cold iron was poured did not go 
into molds made from wet sand. 

Jan. 13 Despite dry sand, green cores and cold oxi- 
dized iron increased the blows. 

Jan. 18 All factors seemed to work together to make 
blows this day. 

Jan. 20 Wet sand, poured with cold oxidized iron 
around green cores, made the highest num- 
ber of blows. 


TasBLte 9— NuMBER oF HALF Hours WHEN PourING 
TEMPERATURE IN LOWER 14 OF RANGE AND DeE- 
FORMATION IN UPPER 14 OF RANGE 





Good Days Rank Poor Days Rank 





1 2 3 7 

l 2 4 8 

2 5 7 10 

2 5 2 5 

1 2 5 9 
Total 7 16 21 39 
Average 1.4 4.2 


Probability of chance occurrence 0.02 
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TABLE 10 — Numper oF Hatr Hour Tests Over 4.:0 
CaRBON EQuiIvALENT (UpPER 14 oF NorMAL RANG :) 








Good Days Rank Poor Days Rank 
3 7 l 9 
6 2.5 6 25 
4 5.5 0 10 
7 ] 5 4 
4 5.5 2 8 
Total 24 21.5 14 33.5 
Average 4.8 2.8 


Probability of chance occurrence over 0.05 





TABLE 1] — MINUTEs OF BLACK COLORED CUPOLA SLAG 








Good Days Rank Poor Days Rank 

15 3.5 35 8.5 

0 15 20 5 

25 6 35 8.5 

5 3.5 30 7 

0 15 40 10 

Total 55 16 160 39 
Average 11 min 32 min 


Probability of chance occurrence 0.02 





TABLE 12—SUMMARY OF TABLES 3 THROUGH II, 
WHICH SHOWED SIGNIFICANT DIFFERENCES BETWEEN 
THE Goop AND Poor Days 





Days or hours 





oS H.R &sB SM 

Deformation I + 5 6 2 3 8 10 9 7 
Core Color 8 1 3 2 4 10 6 7 5 9 
Pouring 

Temp. 2 l 6 4 5 10 7 9 3 8 
Deform + Pour- 

ing Temp. 2 2 5 5 2 7 8 10 5 9 
Black Slag $5 15 6 $5 15 85 5 | i aa 

Total 16.5 9.5 25 205 14.5 38.5 34 445 29 43 
Rank 3 l 5 4 2 8 7 10 6 Q 
Rank of Days 

astoblows 4 3 1 9 7: ae 6 8 
Difference 1 2 0 2 1 0 0 0 l 





TABLE 13* — UNPAIRED REPLICATES 





Probability (P) of chance occurrence of a rank total equal to 
or less than T with N replicates. T is given in body of table, 
to nearest whole number. 





N P — 0.05 P — 0.02 P—001 
5 18 16 15 
6 27 24 23 
7 37 34 32 
8 49 - a 44 
9 63 59 56 
10 79 74 71 
ll 97 91 87 
12 116 110 105 
13 137 130 125 
14 160 152 147 
15 185 176 170 
16 212 202 196 
17 241 230 223 
18 271 259 252 
19 303 291 282 
20 338 324 315 


*Frank Wilcoxon, American Cyanamid Co. 
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Jen. 23 Good pouring temperature was not enough 
to compensate entirely for the wet sand and 
the oxidized metal. 


Jan. 24 Oxidized iron together with cold iron and 
green cores made this a high blow day. The 
wet sand did not help any either. 


Summary of Technique 


One part of one system of analysis of data has been 
demonstrated. The ease and simplicity of this method 
are apparent. This technique is neither the best or 
the most accurate; it is, however, the easiest to under- 
stand and compute. Firms with electronic data com- 
putors and statisticians should use the method known 
as multiple correlation. The vast majority of opera- 
tors will find the ranking method to be quite suffi- 
cient. The use of only 10 days for comparison in the 
example was just for simplicity. Generally, it is bet- 
ter to use 14 to 20 days. The more days compared the 
less significant the variables that will be discovered 
and the greater the amounts of experimental error 
that will be compensated for. 

The variety of factors that may be tried for corre- 
lation is limited only by the imagination of the in- 
vestigator. Averages, maximums, minimums, time, 
time at a condition, percentages, ratios, products, to- 
tals, even personal opinion in the form of a rating 
can be used. 

The average values for some factor can not be used 
when comparing good days with poor ones until a 
significant difference has been proven between the 
two sets of data. With this in mind why not try this 
technique on one of the high scrap items in your 
foundry? 
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DISCUSSION 


Chairman: Wm. M. Batt, III, The Hill & Griffith Co., Cin- 
cinnati. 
L. J. Pepicin1, General Motors Corp., Detroit. 

R. C. ScHNAy! (Written Discussion): Mr. Zuppan is to be con- 
gratulated on the ingenious ideas suggested in his paper. Rank- 
ing methods which form the basis of his presentation have been 
used successfully in the food and film manufacturing industries. 
In these cases quantitative data are not available and qualitative 
judgement is used to rank the test materials. In this respect, the 
foundry industry is much more fortunate in that quantitative 
data are usually available. There may be some doubt, for 
instance, in sand testing, as to what the quantitative data mean, 
but they can still provide a good basis for ranking. 

The most obvious advantage of the ranking methods is the 
simplicity of computation. However, this simplicity is decep- 
tive, since there is some quite profound mathematics involved 
in the development and application of these methods. 

Two major assumptions implied in the methods illustrated in 
this paper are that the variations in the data are randomly 
distributed, and that the observations are independent. The 
latter assumption is perhaps the most troublesome in this case. 
For example, Mr. Zuppan’s methods imply that the figures for 
per cent scrap on successive days are independent and have no 
relation to each other, and similarly with, say, per cent moisture 
in successive tests. Corrective action taken on the spot would 
influence the next observation and thus invalidate the mathe- 
matics. 

Another point that should be noted is that the methods shown 
in this paper actually determine which variables have signifi- 
cantly departed from normal or usual conditions at the same 
time as certain troubles occurred. From this point cause and 
effect relationships are assumed. In essence, all that the mathe- 
matics has shown is that some operating variable or combina- 
tion of variables has been “out of control” at the same time as 
there has been an increase in the incidence of some defect. To 
assume that the one has been the cause of the other does not 
lie within the realm of mathematics, but depends entirely on 
metallurgical or general foundry knowledge. 

Both the mathematical and technological disciplines are 
necessary, but great care should be taken to distinguish their 
respective areas of application. The foundry is fortunate in that 
Mr. Zuppan is able to combine the functions of the mathematical 
analyst and the foundry engineer. However, the use of these 
methods by an individual who, by himself, cannot do this, could 
lead to misleading or even nonsensical results. 

A popular illustration of the confusion that can arise from 
a lack of practical experience in interpreting a correlation, is 
the story of the boy who wanted to determine the intoxicating 
ingredient in mixed drinks. On the first night he drank Scotch 
and water, on the second night Rye and water, and on the third 
night Bourbon and water. On each night he suffered the in- 
evitable results and, therefore, concluded that water was the 
intoxicating ingredient. 

The preceding critical remarks do not detract seriously from 
the value of Mr. Zuppan’s contribution. He has approached 
this problem logically and above all has recognized and shown 
a way to deal with the combined effects of more than one 
variable. The statistical methods may be somewhat crude, but 
when tempered with shop experience should be a definite aid 
in locating sources of the sporadic troubles so often encountered 


in the foundry industry. 
1. Development Engineer, Canada Iron Foundries Ltd., Toronto, Canada. 








EUROPEAN FOUNDRIES AND PATTERN SHOPS 


By 


E. T. Kindt* 


We know many gentlemen who read articles in 
newspapers and magazines, written by people who 
have spent a few weeks in Europe, and then consider 
themselves to be experts on European problems. 
While we have recently returned from a trip to Eu- 
rope, we do not pretend to be experts on European 
problems. 

We went to Europe for one purpose—to see if their 
patternmaking industry had anything to offer us in 
the way of new processes, techniques, materials, and 
equipment that could help improve the industry in 
this country. An opportunity to view our European 
counterparts arrived with the announcement of the 
23rd International Foundry Congress that was to be 
held in Dusseldorf, Germany. 


In his subconscious mind a patternmaker always 
is aware of the contribution he makes to our mode 
of living. More than ever we were aware of this con- 
tribution during a half-day tour we made of the me- 
chanical department of the Queen Mary. There was 
not one piece of equipment on that ship that had not 
felt the touch of the patternmaker’s hand at its birth. 
The huge ship, which uses enough power to light a 
city of 15,000, is a fitting monument to our industry. 
Recognizing this gave us considerable satisfaction, 
knowing that we have been associated with this very 
important industry for so many years. 

Arriving in Europe, our first stop was London, but 
our itinerary gave us only two days there which pre- 
cluded the possibility of visiting any pattern shops. 
Therefore, we cannot give any first-hand informa- 
tion on English pattern shops. It is our understanding, 
however, that the industry in Great Britain is similar 
to that of its continental neighbors, which we shall 
discuss later. 

We decided to make a quick tour of the Nether- 
lands and Belgium. Contacting a gentleman who is 
in the patternshop supply business, we were told 
that patternmaking was not a large industry in Hol- 
land because there is not enough heavy machinery 
business to support it. He said the shops were small 
and the equipment far from modern. He expressed 
a considerable interest in what was being done in the 
pattern shops in the United States. 

Leaving The Netherlands we went to Belgium. It 


*President, Kindt-Collins Co., Cleveland, Ohio. 
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was our impression that the Belgium pattern shops 
were in the same category as those of the Netherlands. 

From Brussels, Belgium, we went to Dusseldorf, 
Germany, the scene of the International Foundry 
Congress. Dusseldorf is the home of the Administra- 
tive Offices of many of the Ruhr’s great industries. 
In the market place of the old town there stands a 
famous statue of the “Foundry Apprentice”, a silent 
witness to the enormous part foundries play in the 
economy of this industrial valley. 

The 23rd International Foundry Congress was 
held on the city’s exhibition grounds near the Rhine 
River. The show occupied six large buildings with 
an area of 425,000 square feet devoted to exhibits 
from England, France, Germany, Italy, Switzerland 
and the United States. It was divided into four main 
parts. 

One part was devoted to foundry machinery and 
plant construction. Another part was devoted to 
products of the iron, steel, malleable cast iron and 
non-ferrous metal foundries; a third to raw and auxil- 
iary materials for foundries; and the fourth to spe- 
cial technical, scientific and historical exhibits. 

Of particular interest were the displays of two of 
the largest jobbing pattern shops of West Germany— 
Chr, Karl Seibenwirst of Fernruf, Dietfurt; Mueller 
of Wallen-Lahn. 


One of these concerns exhibited the pattern equip- 
ment used to produce a cast iron bathtub. The work- 
manship was excellent and the design of the equip- 
ment compared favorably with those we have seen 
here. The other shops exhibited wood and metal 
pattern equipment -for producing all types of small 
and medium size castings. Again, the workmanship 
was excellent, but the design could not compare with 
the high production equipment needed here. The 
equipment was made from iron, aluminum and plas- 
tic. We did observe that European pattern shops 
were plastic conscious, as we are here. 

These exhibits were very attractive. Large murals 
were used depicting the buildings and interiors of 
their wood and metal shops. 

Also exhibited at the show were woodworking 
planers, jointers, lathes, bandsaws and metal and 
wood milling machines. From what we could see 
there is apparently considerably more interest dis- 
played in woodworking machinery and pattern shop 
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ec uipment than is currently evidenced in this coun- 
try. An excessively large number of lathes were dis- 
played which had features not common to lathes 
produced in this country. One large manufacturer 
sold his entire output of woodworking lathes for six 
months in advance. 

One machine that particulary interested us was a 
small universal milling machine for use on wood, 
soft metals and plastics. The use of this machine was 
demonstrated by producing a complicated core box 
for a valve core. The material used was a solid 
chunk of plastic, approximately 12 in. by 6 in. by 
3 ft. This seems to be a common practice in Europe— 
production of core boxes from solid pieces of plastic. 

Peculiarly enough, the writer’s company recently 
became involved in a similar operation. We had to 
produce a number of solid aluminum alloy castings 
from which core boxes were to be produced, by mill- 
ing operations circumventing the use of wood pat- 
terns. Frankly, we wonder why this technique is not 
in wider use here because of the economy angle 
alone, if for no other reason. 

Also exhibited at the show were a number of hand 
tools such as drills, chisels, gages, etc. These were of 
excellent quality. 

One of the most interesting exhibits, from our 
viewpoint, showed what Europeans are doing in the 
field of apprentice training. European industry places 
much more emphasis on training of apprentice pat- 
ternmakers than we do in the United States. Ma- 
jor European manufacturers have banded together 
for the purpose of contributing to a substantial fund 
to train apprentice patternmakers, and molders. 

Apparently the patternmaking industry stands in 
better repute abroad than it does in the United 
States, as there is no lack of applicants for appren- 
ticeships in Europe and the pattern shops get the 
pick of the crop. Boys in their teens are given apti- 
tude tests which pick out those most likely to make 
good patternmakers. These boys work in pattern 
shops, and one day a week attend school, which is 
endowed by the manufacturers group just mentioned. 
At the end of three months the boys are again tested 
and those not coming up to set standards are put on 
probation for another three months. At the end of 
this second period they are tested again, and those 
who cannot pass are channeled out of patternmak- 
ing and into other industries. 

After four years the boys who pass the tests are 
graduated and then begin their special work. 

The apprentice exhibit at the show covered a 
space of about 6000 square feet and constituted a 
metal and wood pattern shop and a small foundry. 
Surrounding the entire exhibit were large murals pic- 
turing the training progress just described. 

The pattern shops were equipped with benches at 
which apprentices were working under experienced 
supervisors. These apprentices were working on wood 
and metal patterns, and also producing castings. The 
general workmanship was good; however, they used 
tools frowned upon in our shops--wood rasps and 
files were very much in evidence. On other benches 
were patterns in various stages of completion. These 
ranged from simple to complex wood, metal and 
plastic patterns and core boxes. While at this exhibit 
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we talked to the supervisors in charge. It was learned 
that the experienced patternmaker in the Krupp 
Foundries is paid 75c an hour. But, of course, his 
living expenses do not match ours. For example, an 
apartment with adequate space for a family of four 
rents for $12.00 a month in the Ruhr. 

Also on exhibit were the various types of wood 
used in European pattern shops. 

European patternmakers use natural-dried instead 
of kiln-dried wood. Here is a very interesting fact 
about their handling of pattern lumbers. After saw- 
ing, the log is put back together in the order of 
cutting, with the boards separated by strippers to al- 
low for air drying. The reason for this is that the wood 
from the various parts of the log expands and con- 
tracts at different rates. When making a single pat- 
tern the Europeans use adjacent boards to minimize 
these expansions and contractions, and thus improve 
their accuracies. They allow a minimum of one year 
per inch for outside curing, and a minimum of six 
months in the shop itself. It is a far cry from our 
methods where sometimes it is less than six months 
from the felling of the tree to the finished pattern. 

Woods most commonly used in Europe, many of 
which are imported, include: 

Soft Woods: Kiefer, most widely used of the soft 
woods and similar to our southern pine; fichter and 
erle, also similar to our pines. 

Hard Woods: Birnbaum, which is the wild pear 
tree, is most widely used of the hard woods and sim- 
ilar to our cherry, birch, and beech; and ahorn, also 
similar to our beech. 

Lumber prices are about 75 per cent higher than 
in the United States. In general, the European pat- 
ternmaker displays considerable knowledge of the 
seasoning and handling of pattern lumbers. One rea- 
son for this is that he is educated along those lines, 
it being part of his apprentice training. 

Among others, there were numerous displays of 
permanent molds, and an unusually large number of 
die casting machines. 

All of the European patternmakers we spoke to 
at the Show showed a great deal of interest in what 
the American shops are using as pattern coatings. 
Coatings are still a considerable problem in Europe, 
the many chemicals now being used in the foundry 
industry causing fast deterioration to the coatings. 

Shellac has been in general use but has now been 
replaced by synthetics. However, European pattern- 
makers are finding them far from satisfactory. 

Upon leaving Germany we went to Zurich, 
Switzerland. There we were met by the sales man- 
ager of Esher Wyss, the Swiss equivalent of General 
Electric. We spent an afternoon at their pattern shop 
and foundry. The pattern shop was quartered in a 
two-story brick and stone building. The first floor 
was devoted to heavy work, while the lighter jobs 
were done on the second floor. 

The company employs about forty patternmakers 
and nine apprentices. All of the patterns were made 
of wood and were for turbine and electric motor 
parts. We saw several fine wood milling machines, 
lathes and bandsaws, but some of the equipment was 
antiquated and had a home-made appearance. 
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Here, too, coatings were a problem and again we 
were questioned as to what is being used in American 
shops. 

Later, we decided to see a jobbing shop. Going 
through the phone book, we called the shop that 
ran the largest ad and explained we would like to 
visit their shop. Arriving there we found it consisted 
of the owner and two employees, and the equipment 
was not of recent vintage with the exception of pos- 
sibly a large lathe. 

Leaving Switzerland and arriving at Paris, we con- 
tacted the Horstmann Machine Tool Co., which dis- 
tributes patternmaking equipment in _ France. 
Through them we were able to tour two French auto 
plants, Citroen and Sinca. Their pattern shops were 
clean, up-to-date and employed 25 to 30 pattern- 
makers each. We did not notice any American ma- 
chinery being used, only that of Italian, English, 
Swiss and German manufacture. It appeared to be of 
modern design and compared favorably with United 
States standards. 

On the return crossing on the Queen Elizabeth, 
we met the chief engineer of the South Durham 
Iron and Steel Co., Ltd. His company was the first in 
the world to cast the huge hydraulic presses now 
being used in this country for the manufacture of 
airplane parts. He said the difference is wage rates 
between Europe and the United States makes it pos- 
sible for Europeans to compete with American com- 
panies for this type of work. 








Conclusion 


The European patternmaking industry is not face:! 
with the same problems we have in the United State:. 
There is no lack of patternmakers because of th: 
reasons previously mentioned. European patter: - 
makers are proud of their work and young men loox 
upon their craft with pride and not just a means co! 
earning a living. There is no shortage of apprentices 
and young patternmakers in Europe. 

European patternmakers take better care of their 
wood. They keep it in their shops for a longer period 
of time than most American shops do. They realize 
that upon the acclimatization of lumber in the shop 
depends its sh.inkage and, therefore, the accuracy of 
the pattern. 

There are more captive shops in Europe than job- 
bing shops. We were told that in Western Europe 
there are only 25 jobbing shops that employ more 
than 25 patternmakers each. 

The lack of capital is especially injurious to Euro- 
pean shops. For example, shell molding originated 
in Germany, but because of lack of capital it was 
never developed to the degree that it has been in the 
United States. In permanent molding the Europeans 
are well ahead of us. We went to Europe to find out 
if they had anything new to offer our industry, and 
came back with the feeling that they are far behind 
us. However, their workmanship is of very high 
caliber. 


EUROPEAN FOUNDRIES AND PATTERN SHOrs 














CASTINGS FROM THE USERS STANDPOINT 


By 


Thomas Logan* 


The unsuccessful attempts by Seth Boyden in the 
period 1826-1832 to duplicate the European “white 
heart” iron led to the discovery of the “black heart” 
type of malleable iron which has superior properties, 
and has become the standard for American malleable 
iron. 

Certainly, American malleable iron has proved it- 
self to be a very versatile engineering material which 
has a combination of desirable properties not found 
in other types of castings. Malleable iron castings 
have played a very significant role in the design of 
automotive, agricultural and earthmoving equipment. 

Malleable iron is used in a number of different 
applications in products of the company with which 
the author is associated, accounting for 14 to 1 ton 
of malleable per unit. The annual usage exceeds 
20,000 tons. The castings range in size from small 
levers, a few inches long, to large gear covers meas- 
uring up to 36 in. Weight ranges from a pound to 
275 Ib. 

Typical uses are: End collars, final drive gear 
housings, levers, bell cranks, engine supports, mount- 
ing brackets, bearing cages, clutch yokes, brake ped- 
als, etc. 

The characteristics which influence the selection 
of malleable iron for design requirements are: 


A) Castability 

B) Machinability (120% of screw stock) 

C) Hardenability (pearlitic grades) 

D) Ductility 

E) Shock resistance 

F) Corrosion resistance 

G) High ratio of yield to ultimate strength 65% vs. 50% for 
steel 

H) Greater ductility combined with high strength 


I) Easier to produce fine finish 
J) Stress-free castings 


The characteristics which limit the use of malleable 
in our designs are inability to weld or braze in com- 
petition with steel castings or forgings, and the lack 
of uniformity in malleablizing in heavy sections. Al- 
though it is theoretically impossible to malleablize 
a casting without affecting all sections, the practical 
results are somewhat questionable indicating that 
extreme care and control is necessary to insure satis- 
factory results in heavy sections. 


*Caterpillar Tractor Co., Peoria, Ill. 
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However, the greatest deterrent to a wider use of 
malleable iron castings or any of the other casting 
materials, are the casting defects which occasionally 
get into the customer’s plant and disrupt production 
schedules. Without a doubt, the whole foundry in- 
dustry suffers its greatest sales resistance from the 
reactions caused by casting defects. 

Naturally, it is not necessary to define casting de- 
fects to foundrymen who are familiar with the great 
variety of defects which can occur to a casting as a 
result of improper control in any of the many factors 
which go into the processing techniques, anywhere 
from the design to the final cleaning of the casting. 

Table 1 shows 31 types of defects and how they can 
be affected by 11 factors in the foundry operations. 

Perhaps defects have come to be considered an 
inherent part of the foundries products, but we are 
sure that no foundryman would care to admit that 
he ever had a casting in his shop that he could not 
find the cause of the defects if he just spent the time 
exploring the many processing steps which could af- 
fect such a defect. 

Regardless of what causes the defects, the main 
point is do not let the customer be the one to find the 
defects—keep them at home. We believe that the 
cheapest and most effective advertising the industry 
can buy is to remelt the defects. Of course, this will 
not help the yield curve, but we are sure it will im- 
prove the annual tonnage curve in the long run. 
Jokingly, it has been stated that the quickest way to 
reduce the scrap curve is to ship it to the customer. 
Of course, we all agree that this only a temporary 
remedy. 

From personal experience the writer can say many 
design engineers view all castings with a jaundiced 
eye, and are constantly fearful of the soundness of 
castings as received for production. Herein lies the 
reason back of the statement that casting defects cre- 
ate the greatest sales resistance the industry can have, 
for unless the engineer is willing to specify the mate- 
rial on the drawing, the purchasing department can 
not buy from the foundry. 

Engineers dislike taking chances on uncertain de- 
signs and, whenever an engineer has had some sor- 
rowful experience with casting defects, he becomes 
casting shy for a long time. 
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The writer remembers an incident which hap- 
pened many years ago when our sales people were 
showing some of our equipment. It seems that a 
rather portly gentleman of approximately 300 Ib 
attempted to mount one of the smaller tractors. Un- 
fortunately, he used one of the steering levers as a 
handhold and, when it broke, the prospective tractor 
customer landed flat on his back on the floor. Per- 
haps no one would have been too surprised if the 
lever had bent under such an overload, but the lever 
broke and that caused plenty of trouble. Examina- 
tion revealed a nice spongy shrink cavity where the 
lever handle joined the boss. Orders were issued to 
change all steering clutch levers from malleable iron 
to forgings, and so they remain to this day. 

The engineers are not the only ones who complain 
about defects. The machine shop loudly protests the 
lack of uniformity in machining rates, and demands 
changes in material whenever it can not make pro- 
duction or they burn up or break tools due to burnt- 
in sand, hard spots, excess metal, shifts and swells. 
Conformance to pattern can become very critical on 
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rotating parts which must be balanced. Inspectic 1 
complains because it must increase its vigilance i> 
insure high quality in the finished part. 

The buyer also serves as the foundry salesman, bi t 
he will hesitate to recommend foundry material eve 
where apparent economies would result if he hes 
had the experience of recommending malleable over 
other materials only to find defects in the production 
casting. 

Frankly, sales resistance is like a chain reaction—it 
can be triggered to explosive nature by casting de- 
fects in the customer’s plant. When complaints of de- 
fects in castings come from engineering, inspection 
and shop, the purchasing man, who is perhaps the 
last bulwark of defense, is ready to wave the white 
flag. 

Keep the foundry defects at home. This can be 
done if we employ better inspection methods to tell 
where the hidden defects are as well as using greater 
perseverance on visual defects. These methods in- 


clude use of: 


TABLE 1 — ANALYsIS OF CASTING DEFECTS 
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X-ray (cobalt and radium). 
Fluorescent penetrant inspection. 
Oil and chalk. 

) Layout plates, templates, checking fixtures. 
Cleanliness—remove all sand-fins—grind to con- 
tour. 

}) Metallurgical control — photomicrographs — Brin- 
nell hardness. 

7) Know customers locating points — avoid gates and 

risers in these areas. 
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Keeping abreast of new developments is one of the 
important functions of all industries. Some of the 
things which the customers think of and would like 
to see more work done on are: 


1) Founding techniques—machines—shell molding. 
2) Stress analysis. 
3) Furnace equipment for annealing: 
a) shorter cycle 
b) atmosphere and temperature control 
4) Adaptability for pearlitic—acceptable method—ar- 
rested anneal—innoculation. 
5) Statistical quality control. 
6) Non-destructive testing: 
a) Hardness 
b) X-ray 
c) Surface defects (magnetic particle fluorescent). 
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One word of caution—do not over-sell where mal- 
leable is not applicable—failures result—sales resist- 
ance mounts—the industry loses. 

Following are a few typical conversions to show 
how the purchasing department has acted as a cast- 
ing salesman in changing designs to malleable iron: 


Annual 
Savings 
Bell Crank Malleable, 14 cost of fabrication 
& Bushing $3,500.00 
Slide Malleable, 40%, cost of fabrica- 
ation 7,000.00 
Levers Malleable, 30% cost of alumni- 
num 5,000.00 
Brackets Malleable, 25°% cost of steel 
casting 7,700.00 
Shifter Gage Steel castings to malleable 5,300.00 
Fasteners Fabrication to malleable 1,400.00 
Bracket Fabrication to malleable 9,600.00 


In conclusion, malleable founders have a wonder- 
ful, versatile material endowed with many desirable 
characteristics for meeting engineering requirements. 
They should endeavor to overcome sales resistance 
(casting defects) and increase efforts in searching 
for suitable applications for the material. 











HOT TEARING OF MAGNESIUM CASTING ALLOYS 


R. A. Dodd*, W. A. Pollard** and J. W. Meier*** 


ABSTRACT 


Susceptibility to hot tearing of magnesium-aluminum 
and magnesium-zinc alloys containing up to 10 per cent 
alloying additions, and of 17 other important magnesi- 
um alloy compositions from the magnesium-aluminum- 
zinc, magnesium-zinc-zirconium, magnesium-rare earths- 
zirconium, magnesium-rare earths-zinc-zirconium, mag- 
nesium- thorium-zirconium, magnesium-thorium-zinc-zir- 
conium, magnesi ganese, and magnesium-rare 
earths-manganese systems, has been determined by 
various, but related, methods, involving measurement 
of the cracking tendency, of flat rings cast in steel or 
sand molds. 

Binary Mg-Al and Mg-Zn alloys are not as suscep- 
tible to tearing as constitutionally similar aluminum 
alloys, but the relationship between tearing and con- 
stitution is similar to that known to exist in the case of 
many binary aluminum alloys of simple eutectiferous 
form. With the exception of the Mg-3%Al-1%Zn com- 
Position, industrial alloys in the Mg-Al-Zn system are 
comparatively free from hot-shortness, while alloys con- 
taining rare earths are only slightly inferior to the Mg- 
Al-Zn class. Most other compositions are hot-short to 
some extent, the Mg-Zn-Zr and Mg-Zn-Th-Zr alloys be- 
ing the most prone. 

Presence of appreciable quantities of eutectic is as- 
sociated with comparative freedom from hot-shortness, 
while an explanation of the hot-shortness of susceptible 
compositions is given in terms of liquid grain boundary 
film existing at slightly supra-solidus temperatures. 





I. Introduction 


Hot tearing (or hot cracking) is recognized in the 
foundry trade as one of the more serious causes of 
defects in castings of complex design, especially when 
these castings are made in alloys considered by the 
foundryman to be “difficult”. It is, therefore, obvious 
that the establishment of hot tearing characteristics 
plays an important role in the study of experimental 
casting alloys and new casting techniques. 
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A recent review of literature on hot tearing of 
castings! shows that many publications on this sub- 
ject are available, but most of the work was carried 
out on steels and aluminum alloys. Earlier work on 
magnesium alloys was limited to some of the Mg-Al- 
Zn alloys; more recent work has dealt mainly with 
improvements in hot tearing characteristics of a par- 
ticular alloy or the discussion of opinions based on 
commercial foundry experience. It is obvious that 
any classification of foundry characteristics must be 
in agreement with practical foundry experience, based 
on the production of a large number of castings of 
different shapes and sizes, but to obtain consistent 
and reproducible results in experimental work it is 
essential to study these characteristics on simple test 
castings. Unfortunately, most of the test casting de- 
signs used for steels or aluminum alloy were found 
insufficiently sensitive for magnesium alloys, which 
in general have good hot tearing characteristics com- 
pared with other metals. 

On initiating, in 1945, a broad Canadian research 
program on magnesium alloys,? it was necessary to 
establish a series of tests for the study of foundry 
characteristics of various experimental alloys. This 
was especially important in the development of 
some high-strength alloys? which are somewhat more 
“difficult” to handle in the foundry. Some earlier 
misgivings in the use of various complicated shapes, 
proposed by other workers in this field, as test cast- 
ings, led to the decision to study the hot-shortness 
sensitivity of magnesium casting alloys more 
thoroughly. 

The first phase of the investigation was confined 
to the problem of devising a simple hot tearing test. 
Exploratory work was carried out on some commer- 
cial alloys using a 3-in. diameter ring casting made in 
a sand mold with a steel core, but it was soon found 
that this test was not sufficiently sensitive for com- 
mercial magnesium alloys. The internal diameter of 
the ring casting was, therefore, increased to six 
inches and rings were cast in six different widths, 
varying from 34, in. to | in. using a constant diameter 
steel core and a constant ring height of 1 in. The 
evaluation of hot-shortness sensitivity was based on 
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tve number of rings cracked in each series of tests. 
}.esults of these tests were generally consistent with 
results of previous work on this subject and with 
commercial foundry ratings. However, there appeared 
to be a number of limitations to this test and its 
reproducibility. Some improvement was sought by 
replacing the steel with a baked sand core and 
changing the design of the ring casting to incorporate 
a distinct hot spot. Preliminary results of this test 
were promising but further work had to be _ post- 
poned, at that time, due to other assignments. 

The second phase of the investigation5 was under- 
taken to study the effect of chemical composition 
and constitution on hot tearing characteristics of 
various binary magnesium alloys. In this case the 
Singer-Jennings ring test proved to be satisfactory 
and the results of work on Mg-Al and Mg-Zn alloys 
are reported in this paper. Work on other binary 
systems will follow. 

The third phase of the investigation® was a con- 
tinuation of the work started in the first phase to 
develop a testing procedure for the evaluation of 
commercial magnesium sand casting alloys and to 
arrive at a Classification of these alloys according to 
some hot-shortness sensitivity ratings. This last prob- 
lem was considered important in the light of con- 
siderable division of opinion on this subject in 
discussions held by the Alloy Recommendation Com- 
mittee of the AFS Light Metals Division and at the 
ASTM-B7/IV Subcommittee on Magnesium and 
Magnesium Alloys. Results of tests carried out in 
this third phase of the investigation are presented 
in this paper and summarized in Fig. 29 and Table 6. 


There is some controversy in terminology and 
definition of the phenomenon called hot tearing. In 
preference, the term “hot cracking” is used by most 
foundrymen. This is claimed to be more descriptive 
of the defect encountered in the foundry or in the 
welding shop, where the mechanism of cracking is 
less important, because all that counts is whether 
the casting is sound (a saleable product) or cracked 
(scrap) . 

The metallurgist must be more specific and, in 
accordance with most of the publications in this field, 
it is felt that the term “hot tearing” should be used 
to describe supra-solidus cracking (before solidifica- 
tion is completed), whether healed or not, and the 
term “hot cracking” should be confined to cracking 
in the solid state. 


II. Earlier Work 


The hot tearing of castings is, in the main, a 
problem encountered in the founding of steels and 
aluminum alloys, other important non-ferrous ma- 
terials, including magnesium alloys, being appreciably 
more resistant to the phenomenon. However, if ex- 
cessive restraint is present as might be the case in 
the permanent-mold foundry, or perhaps in the sand- 
mold foundry with certain casting designs, hard- 
rammed sand, incollapsible cores, etc., hot-short 
cracking of magnesium alloys might present some 
trouble.7 Improved foundry practice would probably 
prove effective, in the majority of cases, in preventing 
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tearing, but in other instances a knowledge of the 
effect of chemical composition and alloy constitution 
might be useful in the same way as in the aluminum 
alloy field in which the relative susceptibilities of 
the more common binary and ternary alloys are well 
understood.8-2 A few small-scale investigations into 
the effects of composition on the hot-tearing of com- 
mercial magnesium alloys have in fact been carried 
out, particularly with respect to Mg-Al-Zn-Mn com- 
positions.?- 21 Ratings of some of these alloys accord- 
ing to their resistance to hot tearing were published 
by the AFS22 and others.7, 21, 23 

An amalysis of these results suggests that 
the Mg-8%Al (AZ80) and Mg-10%Al (A100) com- 
positions are the most tear-resistant. This is in ac- 
cordance with theoretical reasoning, and is confirmed 
by earlier work on the AI-8%Mg and AI-10%Mg 
alloys which are of similar constitution. 

Addition of zinc to Mg-Al alloys results in a 
diminution in tear resistance which apparently be- 
comes more pronounced as the zinc is increased up 
to the limiting figure of 3 per cent normally present 
in alloys of this type. 

Information concerning the Mg-1%Mn alloy Ml 
indicates that this composition is hot-short, probably 
due in part to the excessive grain size developed, as 
the alloy constitution should theoretically result in 
freedom from hot-shortness. 

According to the American Foundrymen’s Society 
index,22 alloys containing rare earths have a lower 
tear resistance, and it is known from foundry expe- 
rience that EM61 is an extremely hot-short compo- 
sition. As in the case of MI, this alloy ought 
(theoretically) to be free from hot-shortness as the 
appreciable amount of eutectic present should flow 
into, and heal, incipient tears. This “eutectic heal- 
ing” is in fact known to operate in the case of other 
magnesium alloys containing rare earths.24,25 Evi- 
dently the possible effect of manganese in promoting 
hot-shortness in both M1 and EM61 requires con- 
sideration. Evidence on other Mg-rare earths com- 
positions is somewhat conflicting?®. 27 and observa- 
tions by Bohn2® suggest that variations in foundry 
practice may, for example, account for the difference 
in British27 and American?’ opinions concerning 
Mg-R.E.-Zr alloys. 

High-strength alloys based on the Mg-Zn-Zr system 
have the reputation of being quite hot-short, but the 
available information is insufficient to permit of a 
direct comparison with other compositions. 

Although the above observations represent an ap- 
proximate index of the hot tear behavior of mag- 
nesium alloys, universal agreement is lacking on 
certain points, e.g., the classification of those alloys 
containing rare earths; also, detailed hot tear data 
are not available on various industrial alloys of quite 
recent development. Those alloys are based on sev- 
eral metal systems, i.e., Mg-Zn-Zr, Mg-Zn-R.E.-Zr, Mg- 
Zn-Th-Zr, Mg-Th-Zr and Mg-Th-Zn-Zr, their develop- 
ment being dictated by present-day industrial re- 
quirements which demand considerably better 
mechanical properties at room and elevated tempera- 
tures than those represented by the older classes of 
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alloys. As these alloys are fabricated mainly by sand- 
mold casting, their foundry properties, including hot- 
short characteristics, assume considerable importance. 


Ill. Experimental Procedure 


1. Binary Mg-Al and Mg-Zn Alloys: 

Singer-Jennings Mold 

A study of all the relevant binary systems is desir- 
able preliminary to an examination of ternary and 
industrial compositions, but in the present case, re- 
sulting from restrictions imposed by available time, 
the initial work was confined to the Mg-Al and 
Mg-Zn binary systems. 

In view of the apparent success attached to the 
ring-casting tear test developed by Singer and 
Jennings,1? it was decided to perform at least some 
initial tests using the same technique. As shown in 
Fig. 1 the steel mold consists of a ring and cylin- 
drical core resting on a circular plate, leaving an 
annular mold cavity between the ring and core. 
Contraction around the core results in a sufficiently 
high strain rate to cause cracking in hot-short com- 
positions and typical castings showing tears are shown 
in Fig. 2. Experimental details originally worked out 
were used in the present investigation with little or 
no modification. Thus, the mold was used uncoated 
at a temperature of 150C (300 F), and the severity 
of tearing was quantitatively expressed as the total 
length of cracks on all surfaces. Also, as it is known 
that the results are influenced considerably by the 
pouring temperature, this was maintained through- 
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Fig. 1 — Singer-Jennings hot tear ring mold. 
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Fig. 2 — Typical castings showing hot tears (Singer-Jenning 
ring mold). 


out the tests at 125C (225 F) above the liquidus. 

All alloys were prepared from 99.98 per cent mag 
nesium ingots and either 99.99 per cent aluminum or 
99.99 per cent zinc, the weight of each melt being 
approximately 20 lb. The total series of melts con 
sisted of pure magnesium and ten alloys containing 
nominally 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 4.0, 6.0, 8.0 
and 10.0 per cent alloying additions. Separately-cast 
tensile test bars,2® were employed for checking the 
melt quality, inclusive of grain size and chemical 
analysis determinations. 

Melting was conducted in a gas-fired furnace unde 
conditions conforming to good magnesium alloy 
melting practice, and the metal before pouring was 
degassed with chlorine for ten minutes. No grain- 
refining treatment was employed. The castings were 
poured from metal ladled out of the furnace cru- 
cible, only one casting being poured from each ladle 
of metal. This procedure served to maintain a con- 
stant pouring temperature. The results obtained from 
eight castings poured from the same melt were av- 
eraged to give the susceptibility to tearing of any 
particular composition. 


2. Binary Mg-Zn Alloys: 

Sand Mold. Steel Core (Design A) 

Tests subsequent to those described above showed 
that ternary Mg-Al-Zn and industrial magnesium 
alloy compositions were practically immune to hot- 
short cracking as judged by results using the Singer- 
Jennings mold. As such results were not consistent 
with practical foundry experience, it was apparent 
that the test was insufficiently severe to cause crack- 
ing in these compositions, and did not give the de- 
sired correlation with foundry practice. 

Attempts were therefore made to develop a more 
severe, but reliable test, using the previously deter- 
mined hot tear behavior of Mg-Zn alloys as a cri- 
terion of the reliability of the test. Early efforts 
were concerned with a sand-cast flanged bar de- 
veloped from a tear test due to Hall.3® Mild steel 
restraining rods were found to be necessary to pro- 
duce tearing in the centrally located hot-spot, and 
although the original test was used (for steels) with 
success by Hall, this necessary modification resulted 
(apparently) in erratic tear behavior. The test was, 
therefore, abandoned. 

Resulting from the above, the possibility of using 
a ring casting of larger diameter than that used in 
the earlier work, to increase the severity of the test, 
was examined. The design ultimately developed is 
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omewhat similar to that due to Spektorova and 
ebedeva,?% consisting of sand-cast rings 4.6-in. ex- 
ternal diameter and l-in. height cast around cylin- 
rical mild steel cores ranging from 1.1-in. to 4.1-in. 
diameter. The method of pouring the castings in 
pairs is shown in Fig. 3. 
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Fig. 3 — Hot-tear test casting, Design A, showing arrangement 
of sprue, runner, and gate. 


Tearing occurs through the gate which acts as a 
hot-spot,* and the susceptibility of the crack lengths 
pressed in terms of the sum of the crack lengths 
measured on the surfaces, including runners, of all 
castings, having regard to the different diameters of 
the rings. Thus, as seems reasonable, greater impor- 
tance is attached to cracks corresponding to less 
severe test conditions, i.e., small diameter cores. 

The diameters of the steel cores are 1.1, 1.7, 2.3, 

2.8, 3.1, 3.3, 3.5, 3.7, 3.9, and 4.1 in., and the hot 
tear susceptibility of an alloy is given, arbitrarily, 
by: 
(Total crack length in ring of 4.1 in. L.D.) x 1 plus 
(Total crack length in ring of 3.9 in. I.D.) x 2 plus 
(Total crack length in ring of 3.7 in. I.D.) x 3 plus 
hee eWEbe sees sien .. plus (Total crack length in 
ring of 1.1 in. I.D.) x 10. 


*The failure of the Singer-Jennings mold to cause tearing in 
the less hot-short magnesium alloy compositions is probably due 
principally to the absence of any marked hot-spot in the casting. 
n this sense it is not an ideal hot tear design. 
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Using these molds, it was found necessary to coat 
the steel cores with a proprietary die-coat compound. 
The cores were heated to 150C (300 F) before being 
placed in the mold immediately before pouring; 
foundry technique was otherwise as previously de- 
scribed. 


3. Ternary and More Complex Alloys: 
Sand Mold. Steel Core (Design A) 


Using the developed tear test, the alloys listed in 
Table 1 were examined. 











TABLE | 
Nominal Composition, % 
Rare 
Alloy* Al Zn Zr Earths Mn Th 
AZ31 3 1 — — 0.3 - 
AZ63 6 3 _ — 0.3 - 
AZ80 8 0.5 a - 0.3 _— 
AZ91 8.7 0.7 — — 0.3 _— 
AZ92 9 2 _ - 0.3 — 
Al0 10 _ — — 0.3 _ 
ZK51 _ 4.6 0.7 -- — _ 
ZK61 _ 6 0.8 — _— — 
ZH62 — 6 0.7 — — 2 
ZE41 os 4.5 0.7 1.25 _ — 
EZ33 _ 3 0.7 $ —_— _ 
EK30 _ _ 0.4 3 _ _ 
EK41 — _— 0.7 4 _ _ 
HK31 — _— 0.7 _ — 8 
HZ32 _ 2 0.7 — _ 3 
Ml —_ _ _ — 1.2 _ 
(min) 
EM61 os _— _ 6 12 esti 


*Alloy designations according to CSA.H.1.1 (Canadian Stand- 
ards Association, Ottawa) . 





Some Mg-Al-Zn melts were prepared from pre- 
alloyed ingots, but the majority of compositions were 
prepared from high-purity magnesium and, as ap- 
propriate, super-purity aluminum, 99.99 per cent zinc, 
thorium pellets, Mg-1% Mn alloy (for manganese 
additions) , fused zirconium salts, and standard grade 
mischmetal. 

Melting techniques were appropriate to each com- 
position. Thus, for example, the Mg-Al-Zn alloys 
were grain refined with lampblack and degassed with 
chlorine, and the alloys containing rare earths were 
neither grain refined nor degassed. The pouring 
temperature was, wherever possible, maintained at 
approximately 125 C (225 F) above the liquidus. 


4. Ternary and More Complex Alloys: 
Sand Mold. Steel Core (Design B) 


An initial study of the results pertaining to the 
above described tear test revealed that certain fea- 
tures did not agree with either published information 
or known foundry experience. In particular, some 
rare-earth-containing alloys did not exhibit the ex- 
pected tear resistance, and this and other observations 
were ascribed to: 

a) Contraction of the solid casting around the 
steel core results in high contraction stresses, and a 
stress concentration develops at the root of any tear 
that has formed at higher temperatures. There is 
then a tendency for tears to continually extend, as 
solid state cracks, during cooling right down to 
room temperature, and the ultimate severity of crack- 
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ing is likely to be, in part at least, dependent upon 
the presence of brittle constituents. Sub-solidus crack- 
ing was in fact confirmed by visual examination of 
fractured surfaces. The area of the original hot tear 
was evidenced by considerable discoloration, and was 
separated by quite a sharp line of demarcation from 
a clean surface resulting from low temperature 
fracture; 

b) In working out a suitable casting design, it was 
originally decided that the cross-sectional areas of the 
gate, i.e., the size of the hot spot, should, if possible, 
be fixed so that the most tear-resistant alloy to be 
examined would tear in only one casting. This would, 
of course, be that casting giving the severest tear 
conditions, viz. the largest (4.l-in.) diameter core. 
The most susceptible compositions should crack in 
as many castings as possible. Naturally, the usual 
function of a gating system had also to be performed, 
but it was found that these functions were not in- 
consistent with the above-stated requirements. For 
example, shrinkage never constituted a serious prob- 
lem, and none was ever observed in the region of 
the gate. 

However, it is possible to explain the relatively 
poor performance of the rare-earth-containing alloys 
on the basis of too high a cooling rate at the gate. 
There are several references in the literature24.25 
to the fact that incipient tears in magnesium-rare 
earth alloys are frequently healed by liquid eutectic 
forced into the crack from adjacent “mushy” regions 
by hydraulic pressure. This crack-healing mechanism 
can operate only if a supply of liquid eutectic is 
available for the time necessary for the crack to be 
filled, and it seemed certain that in the present case 
the chill effect of the massive steel core extended to 
the metal within the gate at such a rate that tear 
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Fig. 4-— Hot-tear test casting, Design B, showing arrangement 
of sprue, runner, and gate. 
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fissures became immediately sealed off from liqui: 


_ regions by solid metal. 


In the light of these observations it was decided t 
modify the tear test (design A) in an effort to verif 
and overcome its apparent shortcomings, by increas 
ing the cross-sectional area of the gate to approx- 
imately twice the original dimensions, as shown i: 
Fig. 4. It was not expected that this design change 
would in any way prevent “stress cracking”, but i: 
seemed that a slower rate of cooling at, and within, 
the gate might permit eutectic healing of tears in 
those cases where this was permitted by the alloy 
constitution. Such effects were, to some extent, ob- 
served. Alloys containing rare earths were noticeably 
less susceptible to tearing than the earlier results 
indicated, and quite considerable eutectic crack heal- 
ing now took place. This healing was noticeable as 
bright ragged streaks on the otherwise matt casting 
surface; macro- and micrographic examination con- 
firmed the nature of the streaks. Similar effects were 
noticed in the case of the Mg-A1-Zn alloys. 


5. Ternary and More Complex Alloys: 
Sand Mold. Carbon Dioxide Hardened Core 
(Design C) 

Although it was believed that the information 
resulting from the afore-described tests would be of 
some value, e.g., in the permanent-mold foundry, it 
was ultimately decided that results having a direct 
bearing on magnesium sand-mold foundry practice 
could only be obtained by a test which (a) obviated 
stress cracking, and (b) employed sand, instead of 
steel, cores. 






































SECTION AA 





Fig. 5 — Hot-tear test casting, Design C, showing arrangement 
of sprue, runner, and gate. 
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Working along these lines, a test was devised em- 
pioying a mold made entirely of sand which appeared 
convenient for estimating the hot tear susceptibility 
of all alloys on an “adjusted crack length” basis, in 
tle same way as was described for designs A and B, 
i.c., having regard to the different core diameters. 

A test of any one alloy consisted in casting six 
rings of constant height and external diameter (1- 
in. and 8-in., respectively), and of the following in- 
ternal diameters: 574, 654, 674, 714, 75%4¢, and 714 in. 

Early tests showed that green sand cores did not 
cause tearing, and, in the light of previous experience, 
it was decided to use carbon dioxide hardened cores 
in preference to the urea formaldehyde-cereal bonded 
mixture to insure maximum uniformity of properties. 
Freshly hardened carbon dioxide cores increase some- 
what in strength with times,#1 but the properties be- 
come sensibly constant after about one week. All 
cores were therefore “aged” for this time before use. 
Metal-mold reaction was prevented by coating the 
cores with an alcoholic solution of boric acid.32 

Figures 5 and 6 show the general design, method 
of running, and typical tearing at the gate. 


Fig. 6 —Hot-tear 
casting employing car- 
bon dioxide hardened 
core. (This illustrated 
example shows tearing 
at the gate of a Mg- 
1%Mn casting.) 





IV. Results and Discussion 


1. Binary Mg-Al and Mg-Zn Alloys: 

Steel Mold. Singer-Jennings Design 

In Fig. 7, the results relating to the magnesium- 
aluminum compositions are compared with those of 
Pumphrey and Lyons!4 concerning the hot tearing 
of aluminum-magnesium alloys using the same mold 
design, and the appropriate portions of the Al-Mg 
equilibrium diagram are also shown. Clearly, 
Mg-Al alloys do not tear as readily as Al-Mg alloys, 
as judged by assessment of total crack length. Thus 
the maximum susceptibility to cracking of Mg-Al al- 
loys occurs at 0.75 per cent aluminum, the total crack 
length being 1.55 in., while maximum cracking of 
Al-Mg alloys occurs at around | per cent magnesium, 
the total crack length in this case being 2.5 in. Fur- 
thermore, ring castings of Mg-Al alloys containing 
more than 6 per cent aluminum do not crack, where- 
as Al-Mg castings crack at magnesium contents of 
slightly less than 10 per cent. These observations, of 
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course, agree with foundry experience, but the re- 
semblance between the equilibrium constitution of 
Al-Mg and Mg-Al alloys, up to slightly more than 
30 per cent alloying element, make the results in- 
teresting. Differences in rates of cooling, due to dif- 
ferences in specific heats, probably provide a major 
contribution to the differences in behavior, and the 
distribution of the 8 and § constituents, respectively, 
might be of some significance. 

The actual form of the cracking curve for Mg-Al 
alloys, i.e., a peak in the curve at low alloying con- 
tent followed by a steady reduction to zero cracking 
at higher aluminum additions, requires some little 
discussion. The results bear no significant relation- 
ship to the equilibrium diagram, which is to be ex- 
pected since the structure of the chill-cast rings is 
remote from that of equilibrium. However, the ob- 
servations are entirely in agreement with theoretical 
predictions based on current theories of hot tearing.34 


Fig. 7 — Cracking- 
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Thus it is to be anticipated that aluminum addi- 
tions up to that percentage consistent with maximum 
cracking, cause an increase in the hot-short temper- 
ature range or, alternatively, an increase in the life 
of the liquid film stage. Further aluminum additions 
causing a decrease in cracking are explicable on the 
basis of a reduction in the hot-short temperature 
range, or again alternatively, an increase in thick- 
ness of the remanent liquid films such that the de- 
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veloped strain concentration is insufficient to cause 
cracking. Micrographic examination of the alloys 
failed to associate the first appearance of grain bound- 
ary Al,;»Mg,7 (divorced §-y eutectic) with the com- 
mencement of a reduction in the severity of crack- 
ing, i.e., at slightly higher aluminum contents than 
correspond with the peak of maximum cracking. 
This correlates with the experience of Singer and Jen- 
nings,12 who failed to associate maximum cracking 
of Al-Si alloys with the first appearance of eutectic. 


The variation in size and shape of the primary 
crystals of the Mg-Al castings, with increase in alloy- 
ing content, was examined. Those alloys of low alloy 
content consist of a largely columnar structure which 
persists up to the composition giving maximum crack- 
ing, while alloys beyond this composition consist of 
increasingly finer-grained equiaxed aggregates. This 
effect had been observed previously by Singer and 
Jennings12 in Al-Si alloys, and they suggested that 
cracking could be a function of both eutectic con- 
tent and primary crystal shape and size. It was later 
concluded,14 however, that primary crystal size is 
only of importance insofar as it affects the mode of 
eutectic distribution, a conclusion put forward inde- 
pendently by Pellini?4 in his strain theory of hot 
tearing. 

The results relating to Mg-Zn ring castings appear 
in Fig. 8 together with the magnesium-rich portion 
of the equilibrium diagram due to Adenstedt and 
Burns.?5 The cracking-composition curve is again of 
the expected form common to eutectiferous alloys, 
the tearing increasing from quite low values at 0-14 
per cent zinc to a peak of maximum cracking at | 
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to 2 per cent zinc. The cracking is, however, in th: 


extreme case, some 300 per cent greater than for th: 


corresponding Mg-Al compositions. Even alloys con 
taining 6-10 per cent zinc are still markedly hot-shori 
These observations are readily explained on the basi. 
of the larger solidification interval and, more im- 
portant, the lower eutectic temperature of the Mg-Zr 
alloys, both of which facts contribute to a longe: 
liquid-film life. 

Micrographic examination again failed to corre 
late maximum cracking with the initial appearance 
of boundary eutectic. 


2. Binary Mg-Zn Alloys: 

Sand Mold. Steel Core (Design A) 

These results are shown in Fig. 9 and, when com- 
pared with those in Fig. 8, suggest that the data are 
quite reliable. The differences in the two curves are 
of a minor nature, and it seems that the concept of 
estimating hot tear susceptibility by measuring the 
crack length at a hot-spot is sound. 


3. Ternary and More Complex Alloys: 

Sand Mold. Steel Core (Design A and B) 

All-Sand Mold (Design C) 

The results relating to these tests appear in Tables 
2, 3, and 4. 

In addition to crack length, the results are ex- 
pressed (mainly as a matter of interest) in terms of 


TaBLeE 2 — SUSCEPTIBILITY TO HoT TEARING (AND 
CRACKING) OF MAGNESIUM ALLOYS 
Casting Design A (Steel Cores; Relatively Small Gates) 








Hot Tear Number 
Classification* of 
“Adjusted on basis of Cracked 
Alloy Crack Length” Crack Length Castings 
AZ31 21.9 A 3 
8.3] 2) 
AZ63 21.6 15.4 A $42.7 
16.2 i 3] 

9.0 3lor 
AZ80 lll ; 10.1 A 2 f 2.5 
AZ91 11.75 A 2 
AZ92 11.45 A 2 
Al0 9.55 A 2 
ZK51 11.9 A 2 

11.45 2) 
ZK61 14.7 13.75 A $$2.3 

15.1 2 | 

; 101.0 ’ 6) 

ZH62 106.1 } 103.6 Cc 6 f 6 
‘ 59.7) . are 
ZE41 42.1 § 90.9 B 5§ 5.5 

re 3) 
EZ33 44.5 § 36.5 B 3 f 3 
EK30 26.3 A 3 

13.8 3) 
EK41 “+f } 12.9 A 2525 
HK31 8.25 A 2 

68.85) p< 5) 
HZ32 oo ; 62.1 B 6; 2 
Ml 15.9 A 7 
EM61 103.1 Cc 7 


A — good hot tear resistance 

B — fair hot tear resistance 

C — relatively poor hot tear resistance 
*This rating refers only to the results given in this Table. 
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TABLE 4 — SUSCEPTIBILITY TO Hot TEARING 
OF MAGNESIUM ALLOYS 


Casting Design C (All-Sand Mold; Carbon Dioxide 
Hardened Cores) 














. Hot Tear Number Hot Tear Number 
Classification* of Classification* of 

“Adjusted on basis of Cracked “Adjusted on basis of Cracked 
Alloy Crack Length” Crack Length Castings Alloy Crack Length” Crack Length Castings 
‘AZ31 54.7 Cc 6 AZ31 29.25 Cc 4 

56.0 6) 5.55 2 
A763 69.4 458.8 Cc 445 AZ63 09 } 3.70 B 1417 

512 5 | 4.65 2} 

46.2 5) 0 0 
A780 as 38.9 B 4445 AZ80 : i 0 A 0} 0 
AZ91 32.8 B 4 AZ91 0 A 0 
AZ92 22.8 A 4 AZ92 0 A 0 
Al0 38.2 B 5 Al0 9 A 0 
7K51 55.6 Cc 5 ZK51 21.8 Cc 3 

52.0 5) 18.85 3 | 
7K61 64.7 \ 54.7 Cc 545 ZK61 27.7 \24.05 Cc 343 

47.3 5 | 25.6 3 | 
48.75) . 6) 24.85 3) 
ZH62 ae ; 56.0 C ot 65 ZH62 210+ 23.48 c 7} 35 
BF 64.7 6) 19.1 A 3 
7E41 ny ei Cc 655 ZE41 a2 } 14.65 Cc > } 25 

462 ),. 5) 42 ; 2) 
E733 oy ; 45.3 B 548 EZ33 . i 4.95 B of 2 
EK30 17.5 A 3 EK30 0.85 B 1 
ae 2.35 2) 1.05 2 
EK41 7 4.88 A 3} 2 EK41 O78} 0.9 B i} 1s 
HK31 6.05 A 2 HK3I 1.65 B 2 

86.8 6) 22.75 4) 
H7Z32 = } 82.7 c 6 $6 HZ32 4 } 20.4 re 3} 35 
MI 34.8 B 2 MI 15.8 Cc 3 
EM6I not determined = not determined EM6l1 59 B 4 


A — good hot tear resistance 
B — fair hot tear resistance 
C — relatively poor hot tear resistance 


*This rating refers only to the results given in this Table. 


A — good hot tear resistance 

B — fair hot tear resistance 

C — relatively poor hot tear resistance 
*This rating refers only to the results given in this Table. 





the total number of cracked castings. Although a 
comparison of the two methods shows quite reason- 
able correlation, the latter method of evaluation is 
not as precise a technique as one based on measure- 
ment of crack lengths, as no distinction can be made 
between slight and severe tearing. 





(A) Alloy A10 


Mg-Al and Mg-Al-Zn Alloys 

Alloys Al0, AZ80, AZ91 and AZ92 are commonly 
recognized as being relatively free from hot-short- 
ness,?-21,22 and this view is confirmed by the present 
work. Cracking occurred in casting designs A and B 
(steel cores), but examination of the extent of dis- 


am 


(B) Alloy AZ92 





Fig. 10 — Macrographs showing eutectic healing of hot tears in gate sections of ring castings employing carbon dioxide hardened 
cores. Etch—Acetic Glycol. Mag.-6X. 








Fig. 11 — (Lett) and Fig. 12 (Right) — Macrostructures of AZ63 (Fig. 11) and AZ31 (Fig. 12) showing hot tears in the gate 


section of ring castings employing carbon dioxide hardened cores. AZ63 shows some eutectic healing of tears. Etch—Acetic 
Glycol. Mag.-6X. 


coloration of the fracture surfaces, as earlier dis- 
cussed, showed that this was largely stress cracking. 
Considerable eutectic healing of tears was often evi- 
dent in design B, but, in spite of this fact, the 
cracking was rather worse than in design A. Presum- 
ably the steeper temperature gradients associated 
with the increased gate size resulted in more severe 
initial tearing, and it might be possible that these 
(relatively) large tears then opened up more readily 
under the effect of solid contraction stresses. 


Reference to Table 4 shows that these same alloys 
were quite free from hot-shortness in ring castings 
employing carbon dioxide hardened cores, but con- 
siderable eutectic healing of cracks now took place. 
Figure 10 shows typical macrostructures of the gate 
section of castings in Al0 and AZ92. Alloys AZ80 
and AZ91 behaved similarly. The effect was observed 
only in the two thinnest rings, namely core diameters 
714 and 7%. in., the reason being that these castings 
constituted the more severe tear conditions. In other 
words, incipient tearing never occurred in the thicker 
rings owing to the less pronounced hot spot. 


There are few references in the technical litera- 
ture to the occurrence of eutectic segregations, re- 
sulting from healed tears, in Mg-Al-Zn alloys. The 
reason for this is probably that such segregations 
would not be revealed during radiographic inspection 
as they are in the case of Mg-rare earths alloys.25 
It seems probable that segregated eutectic may be 
quite common in Mg-Al-Zn compositions — certainly 
in the present case the segregation was most marked 
—and the question arises as to possible effects on 
metal properties. In particular, possible effects on 
fatigue strength seemed worth consideration, as likely 
fatigue sites, e.g., changes of section, are those loca- 
tions where hot-spot conditions might result in 
eutectic segregation. Although Skelly and Sunnucks25 
report that the Mg-Mg,Ce eutectic in Mg-rare earth 


alloys has no deleterious effect on fatigue properties, 
this matter seems to warrant further study. 


The observed hot tear behavior of these alloys, 
Al0, AZ80, AZ91 and AZ92, can be readily explained 
in terms of the alloy constitution. The structure of 
all four alloys is essentially similar in that they all 
contain appreciable quantities of low-melting-point 
constituents (partially or completely divorced 
eutectic consisting of isolated magnesium globules 
in Mg,7Al,., some pearlitic precipitate also being 
present), largely situated at the grain boundaries. 
In terms of hot tear theory this implies that im- 
mediately before eutectic solidification there is suf- 
ficient liquid to prevent much dendritic interlock- 
ing, and the resulting lack of coherency prevents 
severe tearing. Any tears that are formed are im- 
mediately filled with liquid eutectic. The rate of 
cooling at the hot spot is naturally of importance, 
and the difference in behavior of these alloys when 
cast in all-sand molds, as compared with molds em- 
ploying steel cores, is largely explicable on this basis. 
Thus, the rate of cooling within the gate of a sand- 
cast ring is slow, and eutectic feeding is made easy. 


The alloys AZ63 and AZ31 are known to be 
the most hot-short compositions in the Mg-Al-Zn 
group,?-21.22 and the present work confirms this 
view. Performance of these alloys in those designs 
equipped with steel cores is interesting, in that it 
offers evidence that they are, compared with other 
alloys, by no means the most crack-susceptible compo- 
sitions of rapid cooling and very severe hindered con- 
traction, but in sand molds (CO, cores) they (par- 
ticularly AZ31) are noticeably inferior to the other 
members of the group. Figure 11 shows a typical 
tear in AZ63 and evidence of some tendency to heal- 
ing by eutectic. 

The quantity of grain boundary constituents in 
as-cast AZ63 is much the same as in alloys A10, 
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Fig. 13 (Lett) and Fig. 14 (Right) — Macrostructures of ZE41 
(Fig. 13) and ZH62 (Fig. 14) showing hot tears at the gates 
of ring castings employing carbon dioxide hardened cores. 


AZ80 etc., as might be expected in view of the fact 
that the total alloy content of these compositions 
is approximately the same. As-cast AZ63 contains 
appreciable ternary compound Mg,;Al,Zng _associ- 
ated with § Mg and Mg,7Al,o, but it is doubtful 
whether differences in hot tear characteristics can 
be accounted for along these lines; nor does the 
distribution of the grain boundary material suggest 
an explanation. However, grain size may be a con- 
tributing factor, its effect on tearing frequently hav- 
ing been discussed with references to both non- 
ferrous!0,.21,36 and ferrous’? alloys. The grain sizes 
adjacent to the tear and/or the healed tear (Design C) 
were determined as: Al0—0.0035 in., AZ80—0.0035 in., 
AZ91—0.0033 in., AZ92—0.0029 in., AZ63—0.005 in. 


Alloy AZ31 proved to be a very hot short composi- 
tion in the Design C (CO, core) casting, the ragged 
feature of the tear, illustrated in Fig. 12 resembling 
classical tears in aluminum alloys and steels. There 
is a little segregation of eutectic, but its tear-healing 
effect is negligible. The as-cast microstructure, con- 
sidered in conjunction with the large grain size ad- 
jacent to the tears (0.014 in.), suggests reasons for 
the observed results. Thus very little eutectic is pre- 
sent in this alloy, and the supra-solidus brittle range 
must be presumed to be quite extensive. Intergranu- 
lar eutectic films are probably present, although 
they were not evident on micrographic examination, 
and high strain concentrations, which are accentu- 
ated by the larger grain size, must develop in these 
films. When tearing occurs there is insufficient eu- 
tectic to fill the voids. 


Még-Zn-Zr Alloys, with and without Rare Earths 
or Thorium Additions 

These high-strength alloys, represented by ZK51, 
ZK61, ZE41 and ZH62, are of recent development, 
but their full potentialities have not been realized 


ZE41 does not exhibit macroscopic segregation in the vicinity 
of the tear, but segregation of the intragranular constituent is 
evident in ZH62. 


owing to some difficulties associated with their 
foundry characteristics.3-24 There is no detailed 
published work relating to their hot short properties, 
but such evidence as is available suggests the view 
that, with the possible exception of ZE41, they are 
quite hot short.*4.26 The tearing and stress cracking 
of ZK51 and ZK61 in Designs A and B is not too 
severe on the basis of comparison with the common 
Mg-Al-Zn compositions. On the other hand, ZE41 
and ZH62 crack badly in the same designs, and it 
seems likely that this is caused by the presence of 
brittle boundary constituents, viz., the rare-earth-con- 
taining eutectic in ZE41, and a thorium-rich phase, 
resulting from eutectic breakdown, in ZH62. 


Alloy ZE41 was developed from ZK51 specifically 
to avoid the hot tearing experienced in casting com- 
plicated shapes in this latter alloy.24 Considering 
now the pure hot tearing in design C, ZE41 does 
exhibit somewhat better tear resistance than ZK5l, 
ZK61 and ZH62, all of which are hot short. Never- 
theless, in contrast to the published claims,24 the 
present results show that the alloy must be classified 
as being quite hot short. 


Comparison of the macrostructures of ZE41 (Fig. 
13) and ZH62 (Fig. 14) suggests that differences 
in hot tear susceptibility were not accounted for by 
a euetctic-healing mechanism, for no macroscopic 
segregation of eutectic was found in ZE41, in con- 
trast to ZH62 which showed considerable segregation 
around the tear. Nelson3® and Fisher®§ have com- 
mented on the tendency of Mg-Th-Zr alloys to form 
a “lined-up” type of segregation, which Fisher be- 
lieves is often associated with incipient hot tears, 
and it is, therefore, not surprising that Mg-Zn-Th-Zr 
alloys behave similarly. However, in this instance 
the macroscopic evidence may have been somewhat 
misleading, as micrography showed some eutectic 
healing in the case of both alloys (Figs. 15 and 16). 
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Fig. 15 — As-cast microstructure of ZE41 showing thick inter- 
@ranular films and some eutectic crack healing. Etch—HF, 
HNO3, H2O. Mag.-250X. 


Certainly, the grain boundary films in ZH62 are 
considerably thinner than in ZE41, implying that 
dendritic interlocking may occur at higher supra- 
solidus temperatures, so giving a larger coherency 
range and increased liability to hot shortness. 


High-magnification photomicrographs of ZK61 
(Fig. 17) and ZK51 (Fig. 18) offer an adequate 
explanation of their hot shortness. Only a very small 
amount of eutectic is present in these alloys, and 
dendritic interlocking might result in a considerable 
hot-short range. The very small grain size (0.001- 
0.002 in.) due to the zirconium offers an explana- 
tion of the improved hot short behavior of these 
alloys as compared to the Mg-5% Zn and Mg-6%Zn 
compositions. 


Még-Rare Earths-Zr and Mg-Rare 
Earths-Zn-Zr Alloys 

These two systems are represented by the alloys 
HK30, EK41 and EZ33, all of which crack moderately 
in Design A. It has been suggested earlier, in con- 


Fig. 17 — As-cast microstructure of ZK61 showing thin inter- 
granular eutectic films. Etch—HF, HNO3, H2O. Mag. 1000X. 


Fig. 16 — As-cast microstructure of ZH62 showing moderately 
thin intergranular films and some crack healing. Etch—HF, 
HNOs, H2O Mag.-250X. 


nection with other alloys, that much of the crack- 
ing in this design is solid-state stress cracking which 
will be accentuated by the presence of brittle grain 
boundary films. Eutectic is present in all these al- 
loys, and Figs. 19 and 20 illustrate particularly well 
what is thought to be the effect of this constituent 
on the appearance of the crack. The larger gate 
in Design B resulted in appreciable diminution in 
cracking (difficult to explain )in the case of EK30 
and EK41, and the observed differences between 
these alloys (Fig. 21) and EZ33 are possibly due to 
the smaller eutectic content of EZ33 (Fig. 22 ) which 
will make eutectic crack-healing less effective. 


In Design C, alloys of these groups place immedi- 
ately after the more tear-resistant Mg-Al-Zn alloys, 
so confirming other views?7:28 on this aspect of 
their foundry properties. Figure 23 shows the ex- 
tensive eutectic crack healing in EK41 which con- 
tributes so greatly to the tear resistance of these 
alloys. 





Fig. 18 — As-cast microstructure of ZK51 showing thin inter- 
éranular eutectic films. Etch—HF, HNO3, HO. Mag. 1000X. 
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Fig. 19 — Hot tear casting (Design A) showing a typical hot 
tear in AZ31 alloy. 


Még-Mn and Mé¢-Rare Earths-Mn Alloys 

Occurrence of certain common interesting features 
makes it convenient to group together the alloys 
M1 and EM61, which are representative of the 
Mg-Mn and Mg-R.E.-Mn systems. 


Alloy M1 has long been known to be susceptible 
to hot shortness,22 and the present investigation 
confirms this fact, irrespective of whether or not 
all-sand molds are used. However, the known con- 
stitution of the alloy makes it difficult to account for 
this hot shortness. Thus, the solidification interval of 
the Mg-1.5%Mn alloy is only of the order of 8-10 C 
(15-18 F)39 and the life of the liquid films is there- 
fore unlikely to exceed by much that of solidify- 
ing pure magnesium — which is certainly not hot 
short. Also, the solubility of manganese in magnesium 
is very limited, and the proposed equilibrium dia- 
gram%9 does not seem to permit an explanation of 
the observed hot shortness on the grounds of an 
increase in liquid film life due to a grain boundary 


iG ‘ " wae 


Fig. 21 (Lett) EK41 alloy and Fig. 22 (Right) EZ33 alloy — 
Typical microstructures from gate section of hot tear casting, 
Design C. Both microstructures show principally solid solution 


Fig. 20 — Hot tear casting (Design A), Alloy EZ33. The crack 
now has appearance of stress crack and is believed to be a 
solid state crack due to brittle grain boundary eutectic. 


concentration of manganese in solid solution, which 
might lower the grain boundary melting point. The 
question arises then as to whether the cracking is of 
a sub-solidus nature. The possibility of this being the 
case is strongly suggested by the microstructure (Fig. 
24) which shows many irregularly shaped bluish-gray 
primary manganese particles concentrated particu- 
larly in the grain boundaries. This structure might 
well contribute to low strength at the grain bound- 
aries, within some sub-solidus temperature range, and, 
if present, this effect is probably accentuated by the 
large grain size of the alloy (approximately 0.1 in. 
in the gate section, Design C). 


Development of the _ high-creep-strength alloy 
EM61 has been retarded because of the extreme hot- 
shortness and room temperature brittleness of the 
alloy. The constitution of this alloy is such that no 
hot-shortness should theoretically be experienced, as 
the considerable amount of eutectic (Fig. 25) should 
insure the healing of incipient tears. However, many 
primary manganese particles again occur at the eu- 
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plus eutectic. The smaller mount of eutectic in EZ33 does 
not permit such effective crack healing as in EK41. Etch— 
HF, HNO:, H2O. Mag.-250X. 
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Fig. 23-—--Eutectic crack healing in EK41 at the gate of ring 
casting, Design C (CO2 cores). Etch—Acetic Glycol, Mag.-6X. 


tectic-solid solution interface, and the possibility of 
sub-solidus cracking again arises. The macrostructure 
in Fig. 26 certainly shows that incipient tears are 
initially healed with eutectic, and the cracks appear 
to a large extent to be sub-solidus eutectic-matrix in- 
terface cracks. The evidence is not conclusive, but 
the similarity in behavior of MI and EM61 tends to 
support a concept of sub-solidus grain boundary 
cracking due to primary manganese segregation. 


Mg-Th-Zr and Mg-Th-Zn-Zr Alloys 

Alloys HK31 and HZ32 are, respectively, one of 
the more tear-resistant and one of the more hot- 
short compositions examined. On the basis of micro- 
structure these results are difficult to explain. Thin 
films are present in HK31 (Fig. 27), which might be 
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at the eutectic/matrix interface. As-cast microstructures from 
the gate section of hot tear test casting, Design C. Etch — 5% 


Fig. 24 (Lett) — Alloy MI showing primary manganese par- 
ticles concentrated at the grain boundaries; Fig. 25 (Right) — 
Alloy EM61 showing primary manganese particles concentrated 


Hot TEARING OF MAGNESIUM ALLOY 





Fig. 26 — As-cast macrostructure of Alloy EM61. Incipient 

tears have been largely healed by liquid eutectic, which then 

seems to have partially cracked away from the matrix at 

(presumably) sub-solidus temperatures. Etch—Acetic Glycol. 
Maég.-6X. 


considered to result in appreciable dendritic inter- 
locking and a large supra-solidus brittle range, and 
also high strain concentrations in the hot spot just 
before completion of solidification. On the other 
hand, the much thicker films in HZ32 (Fig. 28) 
might logically be expected to reduce supra-solidus 
coherency and hot spot strain concentrations. It is, 
of course, recognized that microstructure alone can- 
not always provide a reliable indication of hot short- 
ness, and a true explanation of hot short behavior 
would necessitate the carrying out of high tempera- 
ture tensile tests in the region of the solidus, along 
the lines of the work of Singer and Cottrell11 on 
Al-Si alloys. Also, Singer and Jennings,12 again 
working with AlI-Si alloys, concluded that the eu- 
tectic content of the alloy, although often of great 
importance, is not entirely adequate in explaining all 
the observed facts, and that the extent of the hot 
short temperature range (supra-solidus coherency 
range) principally determines amount of tearing. 
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V. Additional Series of Tests (Design C) 

As stressed in the discussion of the result of the 
various tests, summarized in Tables 2-4, it is con- 
sidered that the test using CO,-hardened cores (De- 
sign C) is the most likely to give results which would 
be applicable to magnesium sand casting practice. 

However, owing to lack of time, the results given 
in Table 4 were rather limited in number and, it was 
considered that some further tests should be carried 
out to: (a) test the reproducibility of the method, 
(b) strengthen the value of the conclusions, and (c) 
determine the effect of a different observer on the 
reproducibility of the results. 


Experimental Procedure 

The methods used were, as far as possible, the 
same as those used in the earlier investigation. It was 
found, as before, that even in the most susceptible 
alloys, cracking never occurred in more than four 
rings and the use of the two rings of smallest di- 
ameter (574 in. and 654 in.) was, therefore, aban- 
doned. 


Measurement of Crack Length 


Crack length measurements were made in a similar 
manner to that described earlier. However, since the 


TABLE 5 — RESULTS OF ADDITIONAL SERIES OF TESTS 
Usinc CO, HARDENED Cores 








Number of 
“Adjusted Cracked 
Alloy Crack Length Crack Length” Castings 
20 ) 48.5 ) 4 
AZ31 15.75 5 18 305 (395 3] 
4.75 8.5 ) 2) 
Az6S o35 $5 3.754 5 2 | 
i uae $ ) 1) 
AZ80 0 f 0.75 0 { 1.5 0] 
; 1.25 3.5 ) 2) 
AZ91 : } 15 2 } 275 | 
3 6 ) 1) 
AZ92 175 | 2.5 $5 { 4.75 1| 
0 0 ) 0) 
Al0 025 } 0.13 0.255 018 1 | 
— 15 — 30) 3) 
ZK51 15.5 i 15.25 36 f 33 4] 
ats 21 ia 52.75 ) 4) 
7K61 13.25 t 19.75 43 48 4| 
—— 18.25 . 4725) 40 nx 4) 
ZH62 19 18.75 50.25 ¢ 18-75 4| 
, 11.75 : 20.5 ) 3) 
ZE4I 273} 12.25 30° {20.25 3] 
: 2.75 3) 2) 
E733 2254 3 4.254 3.33 2) 
4.25 2.75 1] 
2 3.25 2) 
EK30 3.254 25 5.5 } 3.66 8 | 
2.25 2.25 1] 
0 0 0) 
FK4i 2.754 1 2.75} 1.25 1| 
0.75 > 2) 
0.5 0.5 1 
HK31 6.5 $ 3.75 11.75 6.25 8 
4.25 7 3 | 
3) 23.75 ) 3) 
HZ32 14.25 4 15 25.5 $27.75 3 | 
17.75 | a j 4) 
, 45 ) 10.5 ) 3] 
tl 155 10 28.75 { 19.75 4| 
75 14.25 ) 4 
I 
ae 175} 45 1755 § | 
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method is somewhat subjective, it was to be expected 
that the results of different observers would show 
some variations. This was especially the case when 
some degree of “crack healing” had taken place and 
this will be discussed below. In view of this considera- 
tion it was felt that estimates of the crack length to 
within less than 4 in. would be misleading as to the 
possible accuracy of the measurements. 


Results 

Results of the additional tests for all 17 magnesium 
casting alloys are summarized in Table 5. The “ad- 
justed crack length” figures were calculated as before 
and the “crack length” results were obtained by add- 
ing the actual crack lengths in each ring without 
weighting them according to ring diameter. 

A comparison of results listed in Tables 4 and 5 
shows the following salient features: 


a) Recent results (Table 5) in general confirm 
those obtained earlier (Table 4) as regards the 
relative susceptibilities of the alloys to hot tear- 
ing. 

b) Recent results (adjusted crack length) are in 
general higher than the earlier ones, this being 
especially apparent in the case of alloys A10, 
AZ80, AZ91 and AZ92, in which zero cracking 
was previously reported. 

c) There was a steady increase in hot tear sus- 
ceptibility from Al0 to EM61, while the re- 
maining alloys were considerably more hot-short. 

d) The alloys in which the greatest differences 
were found between ratings by the two methods 
were EK41 and HK31. 

e) In some Mg-Al-Zn alloy melts (see footnote to 
Table 5) some largest diameter rings were sound 
while the next largest showed small cracks. 


Discussion of Results 

Although in general there was a decrease in crack 
length with increasing ring thickness, the fact that in 
several cases cracking took place in the second and not 
in the first ring would appear to throw some doubt on 
the weighting procedure used in calculating the “ad- 
justed crack length”. The recent results are therefore 
discussed in terms of unweighted “crack length” 
values. 

As mentioned already, considerable difficulty was 
experienced in some alloys with incompletely healed 
cracks. Interpretation of these may well account for 
some of the differences between the two sets of re- 
sults. This situation occurred frequently in the Mg- 
Al-Zn alloys, which probably owe a large measure 
of their good hot tear resistance to the crack-healing 
mechanism. 

It would be expected that EK41 and EK30 would 
have almost the same hot tear behavior in view of 
the similarity in their chemical compositions. How- 
ever, the difference in zirconium content, though 
small, was reflected in grain size, the average grain 
diameter in separately-cast test bars for the two alloys 
being: 

EK41 — 0.0025 in. 
EK30 — 0.010 in. 
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Fig. 27 (Lett) and Fig. 28 (Right)—-As-cast microstructures of 
HK31 (Fig. 27) and HZ32 (Fig. 28) taken from gate sections 
of test castings, Design C. The thin grain boundary films in 
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HK31 suggests the alloy should be hot-short. The relatively 


thick films in HZ32 suggest the alloy should be relatively tear- 


resistant. Fig. 27: Etch—5% Acetic; Mag.-1000X. Fig. 28: 


Etch—HF, HNO3, H20; Mag.-250X. 


This difference may be enough to account for the 
more pronounced hot-shortness of the coarser-grained 
alloy EK30. The effect of grain size on hot tearing 
has been frequently discussed with reference to both 
non-ferrous!9.21.36 and ferrous37 alloys. 

The difference in the hot tear rating of alloy HK31, 
as mentioned, may be due to the lack of reproduci- 
bility, which seems to be encountered with this alloy 
and to the fact that only one melt was carried out in 
the first series. Metallographic considerations (see 
earlier discussion of alloys HK31 and HZ32, Figs. 27 
and 28) would suggest that the behavior of alloy HK31 
should be closer to that of alloy HZ32 and this is, to 
a limited extent, borne out by the more recent results. 


Summary 

The additional experiments carried out using the 
CO,-hardened core test have shown, with few minor 
exceptions, satisfactory reproducibility of the test in 
determining comparative hot-shortness ratings of mag- 
nesium sand-mold casting alloys. Evaluation of the 
recent tests has suggested that the unweighted “crack 
length” determination gives results similar to the 
“adjusted crack length” values and is, of course, 
simpler. 


VI. Hot Tearing Susceptibility Rating 

Results of both series of hot tearing tests, carried 
out in all-sand molds (Design C), as listed in Tables 
4 and 5, are presented graphically in Fig. 29. It may 
be seen from this graph that both sets of “‘adjusted 
crack length” values and the unweighted “crack 
length” figures show definitely a division of the in- 
vestigated magnesium casting alloys into two broad 
groups: (a) alloys of good and moderate hot tear 
resistance (Al0 to EM61), and (b) alloys of more 
pronounced hot-shortness (M1 to ZK6l). Further 
subdivision of the first group, if necessary, could be 
made as suggested in Table 6. 

The fact that all of the above alloys are used in the 
foundry industries of various countries for the produc- 


tion of commercial sand-mold castings shows that the 
ratings proposed in Table 6 are only a relative classi- 
fication of hot-shortness sensitivity. Sound castings 
can be produced in any of the alloys if proper care 
in casting design and molding procedure (thermal 
gradients) is taken. 


TABLE 6 — PRoposED CLASSIFICATION OF MAGNESIUM 
SAND CAsTING ALLOYS ACCORDING TO THEIR 
SUSCEPTIBILITY TO Hot TEARING 


(1A — least susceptible, 3 — most susceptible) 





Class 1A — Al0, AZ80 

Class 1B — EK41, AZ91, AZ92 

Class2 — EK30, EZ33, AZ63, HK31, EM61 
Class 3 — Ml, ZE41, HZ32, ZK51, ZK61, ZH62 
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Vil. Conclusions 


Results presented in this paper show that, to a 
considerable extent, the apparent hot-shortness of 
magnesium alloys is related to the type of hot tear 
test casting used. Thus, the extreme hindrance to 
contraction, caused by casting around steel cores, 
tends to result in much solid state stress-cracking, 
particularly in those alloys containing brittle eutectic 
or other grain boundary constituents. Also, the rate of 
cooling under these conditions is extremely rapid, 
and this effectively prevents healing of tears by liquid 
eutectic. It follows, then, that only with considerable 
reservations can this type of casting be applied to sand- 
mold foundry practice, where rates of cooling are 
slower and hindered contraction effects (due to the 
mold at any rate) are less severe. Various hot tear 
tests have been used in which all, or part, of the 
mold is constructed of steel, but the above comments 
are not intended as a criticism of all these tests. For 
example, the well-known work of Singer, Jennings, 
Pumphrey et al on aluminum alloys involved the use 
of a small steel mold in which, owing to the rapidity 
of solidification, no crack-healing was possible. How- 
ever, it must be remembered that the intention of 
these workers was to correlate their results with weld- 
cracking, in which similar rate of cooling exists, and 
not with sand-mold foundry experience. 


Present results relating to the casting design em- 
ploying sand cores are believed to be directly appli- 
cable to sand-mold foundry practice for the reasons 
that (a) the hindrance to free contraction is less 
severe, and (b) the rate of cooling at the hot spot is 
slower, so making eutectic feeding of incipient tears 
possible. Having regard to the above comments, it is 
suggested that: 

1. The results in Tables 2 and 3 are unlikely to be 
of value in suggesting the probable hot-short behavior 
of magnesium alloys under normal conditions of sand- 
mold foundry practice. However, in some instances, 
casting design can itself lead to severe hindered con- 
traction with resultant tearing, and there may be 
some correlation under these circumstances, especially 
where chills may be used to control the rate of cooling. 
The principal value of these results is thought to lie 
in their possible application to permanent-mold 
practice and to the incidence of weld cracking. In 
both of these fields, rates of cooling are high. Hin- 
dered contraction may be very appreciable, and the 
possibility of eutectic feeding of tears is remote. 


2. The results in Tables 4 and 5 are thought to be 
directly applicable to magnesium sand-mold foundry 
practice, in which a majority of tears is probably asso- 
ciated with core effects. Under the conditions of slow 
cooling associated with magnesium sand-mold casting, 
the eutectic content of the alloy determines hot tear 
resistance. 


Insofar as pure tearing is concerned, the research 
confirms that magnesium alloys are markedly less hot- 
short than aluminum alloys of similar constitution, 
and shows that the performance of individual alloys 
is, as expected, largely related to the solidification 
characteristics and the as-cast microstructure. 

The relative hot tear susceptibilities of the alloys 
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as determined by crack length measurements (Design 
C) is, in general, in agreement with known foundry 
experience in this field. 

Based on the results of the investigation, as sum- 
marized graphically in Fig. 29, a classification of mag- 
nesium sand-mold casting alloys according to their 
susceptibilities to hot tearing is proposed in Table 6. 
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DISCUSSION 


Chairman: D. L. LaVelle, Kaiser Aluminum and Chemical 
Sales, Inc., Chicago, Ill. 

K. E. Netson* And W. E. Pearson* (Written Discussion): 
The authors state that, metallurgically speaking, the term 
“hot tearing” should be used to describe all supra-solidus 
cracking, whether healed or not. The term “hot cracking” 
should be confined to cracking in the solid state. 

This definition is probably suitable for theoretical discussions. 
However, it has been shown previously! that healed cracks are 
not detrimental to casting serviceability, and such castings should 
not be scrapped. The presence of healed cracks indicates a 
tendency toward hot cracking. Healed cracks must not be in- 
cluded with actual separations of the metal when rating hot 
cracking tendencies. 

In their evaluation, did the authors consider microshrinkage 
variations in the areas of cracking? This defect should result in 
an increased hot cracking tendency. The tests AZ31A and AZ63A 
had a coarser grain size in the cracked areas. These same alloys 
were also more crack sensitive. Is it possible that grain size 
variations could account for some of the variations in hot 
tearing observed among the Zr-containing alloys? 

Another factor affecting hot cracking is the amount of strain 
occurring during solidification. If it is high, one would expect, 
under similar conditions, that the tendency to hot tear would 
also be greater. 


*Metallurgical Laboratory, The Dow Chemical Company, Midland, 
Michigan. 

1. H. M. Skelly and D. C. Sunnocks, Trans. AFS, 62 (1954), p. 481. 
Discussion of paper by K. E. Nelson. 


Hot TEARING OF MAGNESIUM ALLOY; 


We know that the Mg-RE-Zr alloys have more linear shrink- 
age than the Mg-Al-Zn alloys. Based on production experienc 
these alloys hot tear more readily than the Mg-Al-Zn alloys. 

The higher rating assigned to EK41A over EK30A is cer- 
tainly confusing. We also would expect EZ33A to be no wors 
than EK4IA alloy in its hot cracking tendency since EZ33-. 
exhibits less linear shrinkage. 

In our experience, we find no difference in the cracking ten 
dencies of HK31A and HZ32A alloys. We have not had enoug! 
production experience with ZE41A alloy to determine its crack 
ing characteristics. Healed cracks have been observed in ZE41. 
castings. In one particular casting design we encountered les 
hot cracking trouble with ZH62A than with AZ9IC. This empha 
sizes the inconsistencies found in hot cracking. 

R. J. M. Payne* and N. Bamtey** (Written Discussion): Th« 
liability of alloys to hot tearing is difficult to quantitative assess 
ment and the authors deserve credit for their work in this field. 

It is unfortunate that the authors did not give the analyzed 
compositions, the grain sizes nor the tensile properties of the 
alloys prepared by them. These would have enabled us to know 
precisely with what we are making comparisons. We believe 
that small departures from normal compositions and variations in 
grain size lie at the root of some of the differences of opinion as 
to the merits of alloys (particularly those containing zirconium) . 

The alloys “RZ 5” (ZE 41) is a compromise between high 
mechanical properties and good casting qualities, and is sen- 
sitive to variations in R.E. content and grain size. The favor 
with which this composition is regarded over here is a mark of 
the very strict control over composition and grain size in the 
foundry. 

In our own melting shop it is a matter of routine to carry 
out a grain count on a (sand cast) specimen of every melt of 
zirconium-bearing alloy. This is done before pouring, the whole 
sequence — casting, sectioning, polishing, etching and counting — 
being completed within a 5 minute period. The high-strength 
alloy “TZ6” (ZH 62) calls for close control of the same variables 
as “RZ 5”. 

There must be uncertainty in making comparisons of grain 
size where specimens have not been cast under identical condi- 
tions. Some of the photomicrographs given in the paper suggest 
that full grain refinement has not been achieved. We believe 
this to be the case with “RZ 5”, “TZ 6” and “ZT 1” (HZ 32), 
and feel that the low ranking of these compositions relative to 
“Z 5 Z” (ZK 51) must be ascribed to this cause. 

We are surprised that some zirconium-bearing compositions 
have been rated so low in Fig. 29. We were also surprised to 
find A. 10 and AZ. 80 at the head of the list. We are prepared 
to accept that any shortcomings of these alloys in permanent 
mold casting, or in welding, lie in the direction of hot cracking 
rather than hot tearing. 

In connection with these alloys it may be mentioned that the 
black chromate finish usually applied in this country (process 
Specification D.T.D. 911 B, Bath iii) provides good evidence of 
the presence of segregates. It is probably more effective than 
the acid chromate bath favored in North America which gives 
a reduced color contrast. Hot tears in these alloys although rare 
are not unknown. 

As a matter of interest we attach our own rating of the alloys 
most used in British Foundries for sand castings. 








Behavi Alloy 
sane nae AS.T.M. BRITISH 
Free from hot tearing tendencies, EK 41 MCZ 
readily weldable. EZ 33, HZ 32 ZRE 1,ZT 1 
Reasonably free from hot tearing ZE 41 RZ5 
tendencies, weldable ZH 62 (AZ91)* TZ6,AZ9I1 
AZ 80 A8 

Liable to hot tearing, weldable ML AM 503 
Liable to hot tearing, unweldable ZK 51 Z5Z 





*9.5% Al, 0.4% Zn, 0.3% Mn. 


The authors in their paper make several references to tearing 
tendencies which might be expected on theoretical grounds. Con- 
flicts between theory and practice point to the need for a real 
understanding of hot tearing phenomena. Other factors than a 
short freezing range and the amount of eutectic available are 


et Research Metallurgist, J. Stone & Co. (Charlton) Ltd., London, 
England. 

**Research Metallurgist, J. Stone & Co. (Charlton) Ltd., London, 
England. 
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coviously involved (one of the worst alloys for hot tearing is 
tre old magnesium-1.4% silicon alloy). It still has to be ex- 
piained why R.E. metals and thorium alone are effective in 
reducing the cracking tendencies of magnesium-zinc-zirconium 
a 'Oys. 

There seems to be a tendency to generalize on the conclusion 
reached by Shelly & Sunnucks regarding the effects of eutectic 
segregates in alloys containing R.E. metals. The reduction in 
strength is only negligible in the case of alloys of high R.E. con- 
tent (“ZRE 1” (EZ 33) was specifically referred to) which in the 
absence of segregation still contains much brittle compound. In 
alloys of the “RZ 5”, “TZ 6” types the weakening effect of segre- 
gates may be considerable. 

Dr. W. I. Pumpurey* (Written Discussion): The authors are 
to be congratulated on a well conducted, detailed research which 
is certain to be of considerable value in the foundry. 

I was especially pleased to read the preliminary paragraphs 
on the definitions of the terms used in their paper. The termi- 
nology of the phenomena considered by the authors is, at present, 
extremely loose and most investigators use the terms “hot-tear- 
ing”, “hot-cracking” and “hot-shortness” indiscriminately. 

It is desirable, as has been done by the authors, to define the 
terms used at the commencement of any paper on this topic. 

rhe hot-tearing test developed on the basis of estimating hot- 
tearing susceptibility by measuring the crack length at a hot 
spot is neat. It is obvious that the authors have given full at- 
tention to the practical and theoretical aspects of their test. 

The sand mold test should prove easy to use in practice, 
although it is not clear how the arbitrary “importance factors” 
of the cores of different diameters were arrived at. A little more 
information on this point would be welcome. 

The authors, in referring to the binary magnesium-aluminium 
and magnesium-zinc alloys, rightly point out that their results 
bear no relationship to the equilibrium diagrams. It is possible 
that their results could be related to the non-equilibrium dia- 
grams applicable to casting conditions. It would have been of 
interest had the authors determined one or two such binary dia- 
grams to check this point. 

This has been recognized by the authors who state later in 
the paper that “a true explanation of hot-short behavior would 
necessitate the carrying-out of high temperature tensile tests in 
the region of the solidus.” It would be of value if such work 
could be done to provide the theoretical treatment with a firm 
basis of fact. 

In Tables 2, 3 and 4 a “hot-tear” classification, based on the 
crack length, is given. It is not clear how this classification was 
arrived at. Whether arbitrarily on the basis of a certain crack 
length in the tests, or directly on the basis of some correlation 
of the experimental results with industrial experience of the 
alloys. I would welcome further information on this matter. 

The authors make an interesting point in questioning the 
effect of eutectic segregations resulting from “healed tears” on the 
properties of the cast metal. This is a subject which might well 
repay further investigation. 

In view of their numerous observations of the occurrence of 
healing phenomena. While they occur with aluminium alloys on 
the basis of the results submitted, they are much less frequent 
with magnesium alloys. It might be desirable for the investi- 
gators, to examine the effect of dissolved gas in promoting 
healing. 

The work of Lees! is of interest in this connection, and his 
observations might be especially relevant to alloys cast in the all- 
sand molds. 

In connection with the cracking of alloys M.1 and EM.61 my 
colleagues and I found it possible to differentiate between cold- 
cracking and hot-tearing. This was done by casting a number of 
identical test specimens and removing half the specimens from 
the molds immediately after solidification and half when fully 
cold, 

The results with the former give an indication of the degree 
of hot-tearing. Those with the latter give an indication of the 
total amount of hot-tearing and cold-cracking. 

The difference in the average crack lengths of the two sets 
provides a measure of the amount of sub-solidus cracking. 


AUTHORS' CLOSURE 


The last sentence in the introduction to the paper, giving a 
definition of hot tearing, has been misunderstood by Messrs. 


*Research Manager, Murex Welding Processes Limited, Waltham Cross, 
Herts. 
1. D. C. G. Lees, J. Inst. Metals, 1947, 73, 537. 
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Nelson and Pearson. This was meant solely as a definition of 
terms used in the field. In the actual measurement of crack 
lengths, completely healed cracks were not included. 

The possible effects of segregations produced by the hot tear 
“healing” mechanism are of considerable interest. We would 
agree that such segregation in alloys containing relatively large 
amounts of rare earths may have little influence on the prop- 
erties of the alloys, as found by Skelly and Sunnocks? and Nel- 
son.3 Similar segregations in other alloys may well have deleteri- 
ous effects. Work is in hand at our laboratories to investigate 
the effects of similar segregations in the magnesium-aluminium- 
zinc alloys. 

We feel that it is important to minimize such segregations by 
the use of suitable casting techniques for the reason given in 
the third conclusion of Skelly and Sunnocks’ paper. That is, 
slight variations in conditions which lead to heavy segregation 
may result in shrinkage, cracks or voids when healing is not com- 
plete. The difficulty of detecting such partially healed cracks 
would make their deleterious effect on casting properties more 
dangerous. 

The influence of dissolved gas on crack healing would be an 
interesting subject for further investigation. One might expect 
less effect in magnesium alloys than in aluminium alloys in which 
a large difference in hydrogen solubility exists between the 
liquid and solid alloy. 

The effect of microshrinkage on the degree of hot tearing did 
not appear to be significant in the present work. 

With regard to the points raised by Dr. Pumphrey on “ad- 
justed crack length” determination and the classifications in 
Tables 2, 3 and 4, some doubt on the weighting procedure did 
arise later in the work (see discussion on p. 14 of the paper) . It 
is felt that simple total crack length measurements give a more 
satisfactory basis of estimation. Table V shows that, in any case, 
the two methods of evaluation show no significant difference. 
The hot tear classifications in Table 2, 3 and 4 were based on an 
arbitrary division of the “adjusted crack length” data. 

The grain sizes obtained near the hot tears themselves (as 
is the case with most of the photomicrographs) may be some- 
what misleading owing to the slow cooling conditions in these 
regions. Grain size measurements on separately cast test bars in- 
dicated that all the zirconium containing alloys (with the ex- 
ception of EK30 which is discussed on p. 15 of the paper) had 
grain sizes of between about 0.0015 and 0.003 in. diameter (esti- 
mated by Comparison Method, ASTM Specification E91-51T) . 
The compositions of all the alloys fell within limits given in 
ASTM Specification B80-55T (where applicable). 

With regard to the relative susceptibilities of alloys EZ33, 
EK41 and EK30 we should make it clear that we consider the 
difference between all the alloys to the right of EM61 (Fig. 29 of 
the paper) to be small. Alloy HZ32, however, was very much 
more hot short than the above alloys. 

The linear shrinkage of the alloys during solidification was 
not considered, although we agree that this is an important 
factor. Recent work at our laboratoriest has shown an interest- 
ing correlation between hot tearing in Singer-Jennings molds 
and linear shrinkage in binary Mg-Zn alloys. Further work along 
these lines is planned. 

One possible explanation of the apparently inconsistent be- 
haviour of AZ91 and ZH62 alloys mentioned by Messrs. Nelson 
and Pearson is given by Messrs. Payne and Bailey. The crack- 
ing in the AZ91 alloy casting was, in fact, sub-solidus. Another 
possible explanation may lie in the fact that the good resistance 
of the AZ91 alloy to hot tearing depends partly on the crack 
healing mechanism. In the case referred to, the conditions may 
have been such as to reduce or remove the possibility of crack 
healing. 

With regard to the important (at least from the theoretical 
point of view) distinction between supra- and sub-solidus crack- 
ing, work along the lines suggested by Dr. Pumphrey might well 
prove very profitable. 

In conclusion, reference to the relative hot tearing susceptibili- 
ties of alloys tabulated by Messrs. Payne and Bailey emphasizes 
the differences in opinion on either side of the Atlantic. The 
authors do not agree that these differences are mainly due to 
grain size and composition differences. It is obvious that further 
work on the subject is needed. 


2. H. M. Skelly and D. C. Sunnocks, Trans. AFS 62 (1954) p. 481. 
3. K. E. Nelson, Discussion of above paper. 
4. Report in preparation. 








HOW TO DETERMINE MOISTURE REQUIREMENTS 
OF MOLDING SANDS 


By 


R. W. Heine,* E. H. King,** and J. S. Schumacher*** 


Moisture in molding sand should be considered 
an additive as are sea coal, cellulose, clays, or other 
materials. These materials are weighed, measured, and 
their percentage in the sand carefully controlled. Em- 
phasis is placed on the percentage of moisture in the 
mixture in almost all articles on sand practice. The 
statement is often made that water is the most abused 
material added to the sand. However, the proper 
moisture content for a sand is the subject of much 
opinion and little fact. In this article, an effort is 
made to show how much water is required to wet sand 
grains, clay, and other additives in a sand mixture. 
The procedure for determining the proper moisture 


content is outlined and requires only a little work on 


the operator’s part to establish the figure for the 
particular additives and sand used in the shop. 


Elimination of casting defects and uniformity of 
sand for molding practice is an underlying purpose 
of articles on sand practice. Such articles point out 
the need for control. Here is a basis for moisture 
control that will enhance foundrymen’s knowledge 
and improve molding sand practices. 


Water Requirements of Sand-Clay Aggregates 


A portion of the water present in a sand-clay- 
water mixture is adsorbed by the sand grains. Another 
portion is adsorbed by the clay. Water in excess of 
that adsorbed is considered as “free’’ water. A method 
of determining the water adsorbed by a clay was 
described in Reference 1. This method is based on 
determining the relationship of green compressive 
strength to moisture content of a clay-water mixture 
as illustrated in Fig. 1. The strength value at the 
peak of the curve is used as a criterion of the maxi- 
mum percentage of water adsorbed by the clay. Among 
a number of clays tested in this way, the limit of 
adsorbed water was found to vary depending on the 
source of clay as in Table 1. 


* Assoc. Professor of Metallurgical Engineering, Dept. of Mining 
and Metallurgy, University of Wisconsin, Madison, Wis. 


**Vice-President, The Hill and Griffith Co., Cincinnati. 
***Chief Engineer, The Hill and Griffith Co., Cincinnati. 
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Fig. 1— Effect of moisture on green strength of western 
bentonite and water mixtures. 


TABLE 1 — WATER ADSORBED FOR PEAK GREEN 
STRENGTH BY VARIOUS CLAYS 








Adsorbed 
Moisture 
Moisture Range Percentage Water Adsorbed 
For Different Generally Per 1% Clay 
Clay Sources, Applicable, in a Mix- 
Clay type % % ture 
Southern 
Bentonite 13.5 - 17.5 15 0.15 
Western 
Bentonite 12.0 - 18 15 0.15 
Fire Clay 9.5 -15 12.5 0.125 





The value listed in Table 1 gives the water ad- 
sorbed by the clay in a clay-sand-water mixture. For 
example, in a mixture of 92 per cent sand and 8 
per cent southern bentonite, the clay adsorbs 1.2 per 
cent water (8 x 0.15 per cent) to develop peak 
strength from the clay. However, the clay-sand mixture 
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Fig. 2— Effect of per cent moisture on green strength of 
mixture of 8% southern bentonite and 92% sand No. 
(Table 2). 
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requires additional water beyond 1.20 per cent in 
order to coat the sand grains and develop the peak 
strength characteristic of the mixture. For a mixture 
of 8 per cent southern bentonite and 92 per cent sand 
(sieve analysis No. 1 of Table 2), the green strength 
moisture content curve is shown in Fig. 2. From this 
curve, the moisture required for peak strength for 
the mixture is 3.05 per cent. Since the clay requires 
1.20 per cent (8 per cent x 0.15), the sand requires 
1.85 per cent water (3.05-1.20) for adsorbtion. Ac- 
tually, since only 92 per cent sand is present, then 





oo 2.01 per cent water is required by the sand 


on a 100 per cent sand basis. 

The foregoing method was used to determine the 
water requirement of the sand grain fraction in a 
number of sands, some of which are listed in Table 3. 
The water requirement on the 100 per cent sand 
basis can then be plotted as a function of AFS fine- 
ness number as in Fig. 3. The graph then can be used 
to determine the water requirement of a sand whose 
AFS number is known. For example, a_ bentonite- 
bonded foundry sand facing is made up from a 
silica sand of 60 AFS number and 6.0 per cent western 














. 2s T Tr 
¢ 3.0 © EXPERIMENTAL 4 
a | 
e * CALCULATED 
a 
’ 25) 4 
z 
° 
2 
' 
a 201 4 
ae 
re 
< 
= 
© 4s J 
a 
a 
So 
a” 
a 
a 4 
- 
z 
a 
=) 
a 
_— 
a Os . a . 4 . ‘ ‘ 
30 40 50 60 TO 80 90 100 "eo 
AFS NUMBER 


Fig. 3— Moisture adsorbed by sand as a function of AFS 
Grain Fineness Number. 
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TABLE 2 — SIEVE ANALYSES OF SANDS USED FOR 
DETERMINING MolIsTURE REQUIREMENT 
OF SAND GRAINS 














U.S. Sand Sand Sand Sand Sand 
No. No. 1 No. 2 No. 3 No. 4 No. 5 
20 — aa 0.40 -- —_— 
30 0.60 — 1.0 0.20 — 
40 1.60 2.8 0.40 1.4 
50 5.0 — 9.2 2.0 15.4 
70 18.8 100 43.2 78 35.7 
100 31.2 _ 40.2 25.0 28.4 
140 26.4 — 2.8 35.60 14.8 
200 12.8 = 0.20 23.0 3.3 
270 2.8 — a 4.6 1.0 
Pan 0.8 — _ 1.4 
AFSGFN 84.8 50 57.6 103.6 65.7 
Percent of 
Water to 
Coat Sand 2.01 1.17 1.33 2.50 1.57 
Grains 





bentonite. The maximum adsorbed water for peak 
strength is calculated as follows: 

a. From the graph Fig. 3, the sand on 100 per cent 
basis requires 1.40 per cent water. But, only 
94 per cent sand is present in the dry mixture, 
so 1.40 x 0.94 = 1.32 per cent water is needed for 
the sand. 

b. For the clay, 6.0 per cent x 0.15 = 0.90 per cent 
water is required. 

c. Total adsorbed water for peak strength is then 
0.90 + 1.32 = 2.22 per cent. Water in excess 
of the calculated water is free water which is 
available for swelling or bulking of the clay, 
plasticity or deformation, decreasing flowability, 
increasing dry strength, etc. The basic relation- 
ship for percentage adsorbed water in sand-clay- 
aggregates can be expressed for peak strength as 
follows: 


% Sand grains x % water required for given AFS 
number + % clay x water factor for clay = 
total % adsorbed water. 


Relation of Water Requirement to Sieve 
Analysis of Sand 
The water required for adsorption by the sand 
grains has been shown to be a function of the AFS 
number. Fundamentally, each unit of surface area 


TABLE 3— SAND-CLAy Mixtures Usep To DETERMINE 
MOISTURE REQUIRED BY THE SAND 
GRAIN FRACTION 








Water for 
Sand Grain 
Water for Fracture 

Peak Green on 100% AFS 
Sand! Clay Strength Sand Basis? No. 
92.0%, No.1 8% Southern Bent 3.05 2.01 84.8 
94.0% No.2 6% Southern Bent 2.00 1.17 50.0 
94.0%, No.3 6% Southern Bent 2.15 1.33 57.6 
92.0% No.4 89% Southern Bent 3.50 2.50 103.6 
92.0% No.5 8% Southern Bent 2.65 1.57 65.7 


1 Sieve analyses listed in Table 2. 
2 Per cent water at peak strength minus per cent water absorbed 
by clay divided by per cent sand in dry mixture. 
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TaBLe 4— SuRFACE AREA OF SAND GRAINS 
oF EACH SIEVE SIZE 
Surface Areaof Surface Area of 
U.S. sand grains passing sand grains re- Surface Area of 
Sieve through each sieve, tained on each_ sand No. 5 in 
No. cm?/gm sieve, cm?/gm_ _ Table 2. sq cm 
20 30.9 — _ 
30 43.3 30.9 — 
40 61.5 43.3 60.6 
50 86.7 61.5 946 
70 122.7 86.7 3090 
100 173.9 122.7 3480 
140 245 173.9 2570 
200 348 245 809 
270 483 348 348 
Pan (400) 671 483 _ 
Total Surface Area — 11303.6 sq cm 
per 100 gm of Sand 
No. 5. Table 2 





of the sand must be coated with water. Working with 
surface area as a basis, sand grains of each sieve size 
may be allocated a moisture requirement based on 
their average size (and surface area). The surface 
area per gram of sand for sand grains of average 
shape is listed in Table 4 from Reference 2. Also 
listed in Table 4 is the surface area of each sieve 
fraction and the total surface area, 11303.6 sq cm, 
of 100 gm of sand No. 5 in Table 2. Since sand No. 5 
required 1.57 per cent water, it is evident that 

1.57 
11303.6 
are needed to coat the sand. In the same way, the 
water per unit area of sand surface was calculated for 
the four other sands in Table 2 and was found to be 
— 0.0001335, 0.000135, 0.000134, and 0.000139 gm/cm2 
for sands 1, 2, 3, and 4 respectively. 

After testing a wide variety of sands a value of 
0.0001355 gm water per sq cm sand surface was found 
to be the average. Since the surface area per gram 
of sand is given in Table 4, this value can be multi- 
plied by 0.0001355 to obtain a moisture factor for 
each gram of sand retained on each sieve as listed in 
Table 5. This moisture factor can be used to calculate 
the moisture requirement of the sand in any mixture 
thus far encountered. An example of this calculation 
is given in Table 5 where sand No. 5 of 103.6 AFS 
number requires 2.48 per cent water for adsorption. 


0.0001390 gm water per sq cm sand 


MotstuRE REQUIREMENTS FOR MOLpDING SAND 


TABLE 5 — MoltstuRE REQUIRED PER GRAM OF 
SAND RETAINED ON EACH SIEVE! 





Sample Calculation 








Sieve 
U.S. Moisture Multiplying Analysis Moisture? 
Sieve Factor, grams water % Required, 
No. per gram sand Retained % 
20 0.00209 _ _ 
30 0.00419 0.20 — 
40 0.00587 0.40 0.002 
50 0.00834 2.0 0.017 
70 0.01177 7.8 0.092 
100 0.01662 25.0 0.416 
140 0.0238 35.6 0.846 
200 0.0332 23.0 0.765 
270 0.0472 4.6 0.218 
Pan 0.091 1.4 0.127 
AFS No. 103.6 Water required 
2.483% 


1 Based on 0.0001355 gm H»2O per sq cm sand. 
2 Moisture factor times per cent retained on each sieve. 





To show how the moisture factor calculation agrees 
with Fig. 3, the sieve analysis and calculated moisture 
requirement of four washed silica sands is listed in 
Table 6. The calculated values are plotted on Fig. 3 
at the approximate AFS number. The calculated 


points fit the experimental curve very well. 


Moisture Requirements of Additives 
in Molding Sands 

Additives such as wood flour, sea coal, cereal, car- 
bonized cellulose, and silica flour, etc. present addi- 
tional water-adsorbing surfaces when they are intro- 
duced into clay-sand aggregates. The method used to 
determine the water requirements of additives is the 
same as that used for clay-sand aggregates. For ex- 
ample, the relationship of green strength vs moisture 
content of a mixture of 8.0 per cent southern ben- 
tonite, 2.0 per cent wood flour, 90 per cent sand No. 1 
from Table 2 is compared with the 8.0 per cent 
southern bentonite 92.0 per cent sand mixture con- 
taining no wood flour in Fig. 4. The moisture content 
at peak strength is shifted from 3.05 to 3.60 per cent 
by the presence of 2.07 wood flour. Water adsorption 


.60 — 3.0 
by the wood flour is therefore oss cited = 0.275 per 


cent water per | per cent wood flour. The water re- 
quirements of other additives were determined in the 


TABLE 6 — SIEVE ANALYSIS AND CALCULATED MoIsTURE REQUIREMENT OF Four SILICA SANDS 




















U.S. 1 2 3 4 
Sieve No. % Ret. % HO % Ret. % H,O % Ret % H2O % Ret. % HO 
20 aa aie aa rm 
30 3.0 0.018 — _ _ 
40 55.0 0.323 2 0.012 — _ 
50 33.0 0.276 26 0.217 2 0.017 _ 
70 7.0 0.082 40 0.470 33 0.388 0.3 6.003 
100 1.0 0.017 21 0.349 38 0.632 15.3 0.254 
140 1.0 0.024 7 0.167 20 0.476 41.6 0.990 
200 3.5 0.116 5.5 0.183 31.6 1.050 
270 0.3 0.014 1.0 0.047 7.8 0.368 
Pan 0.2 0.018 0.5 0.045 3.4 0.310 
AFS No. 35.0 59 75 124 
Calculated 
%, Water 
Required 0.735 1.363 1.788 2.975 
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Fig. 4 — Effect of wood flour on shifting moisture percentage 
for peak green strength. 


same way and are listed in Table 7. The values listed 
in Table 7 are for specific materials. Other proprie- 
tary materials may have slightly different moisture 
adsorption characteristics but the particular value can 
be determined by the method described. 


CALCULATIONS FOR MoistuRE REQUIREMENTS 
OF SAND MixTURES 


Using the moisture requirements listed in Tables 1 
and 7 and in Fig. 3, moisture absorbed for peak 
compressive strength of a new sand mixture may be 
easily calculated. Consider a mixture of 2.0 per cent 
D-4 sea coal, 0.50 per cent wood flour, 6.0 per cent 
western bentonite and 91.5 per cent sand (No. 5 
in Table 2). Water required for peak strength is 
calculated as follows: 


Water for sand grains, 0.915 1.57 = 1.44 
Water for wood flour, 0.50 x 0.275 = 0.138 


Water for sea coal, 2.0 0.060 = 0.12 
Water for clay, 60 ~x0.15 = 0.90 
Total water for peak strength = 2.598% 
or 2.60 % 


As another example, consider a natural molding sand 
having the following analysis: 


A NATuRAL MoLpING SAND 





% Retained x 





U.S. No. % Retained Moisture Factor 
30 
40 0.10 0.001 
50 0.60 0.005 
70 4.40 0.052 
100 20.4 0.338 
140 17.5 0.417 
200 11.8 0.393 
270 12.7 0.600 
Pan 15.6 1.418 
TOTAL 83.1 322 
AFS Clay* 16.9 sa 
AFS No. 142 


*Assumed to be of fireclay type 

Water for sand grains = 3.22% 

Water for Clay 16.9 x 0.125 = 2.11% 
Total Water = 5.33% 
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TABLE 7 — WATER ADSORBED AT PEAK STRENGTH 
BY MOLpING ADDITIVES 








r % Water 
Adsorbed for each 
Additive Description per cent Additive 
1. Wood Flour 0.275 
2. Corn Cob Flour 0.325 
3. Carbonized Cellulose 0.20 
4. Cereal (Corn Flour) 0.135 
5. Sea Coal (D-4 grind) 0.06 
6. Silica Flour (320 mesh and down) 0.33 





The total water adsorbed by this natural sand is 
5.33 per cent. More water may be used to obtain 
plasticity or deformation, bulking, more dry strength, 
or a less drying-out tendency: but this is not used for 
green strength. 


As another example consider a gray iron foundry 
sand of the following analysis. 


Sand grains 86.30%, 101.3 average fineness 

AFS clay 13.70%, southern bentonite bonded 
Total combustible 7.44%, 
Combustible in clay 2.20%, sea coal, D-4 
True clay 11.50%, 


Water for sand grains (from Fig. 3) , 0.863 x 2.45 = 2.22 % 
Water for clay 11.50 0.15 = 1.725% 
Water for sea coal 2.20 x 0.06 = 0.132% 

Total water = 4.077% 


It is assumed in this problem that the combustible 
going off in the AFS clay test comes from the sea 
coal additive. This foundry sand actually tested peak 
strength at 4.00 per cent H,O. However, it was oper- 
ated at 4.4 to 5.0 per cent water for the other prop- 
erties mentioned earlier. 


Discussion 


In this article, the water requirements for obtaining 
peak strength in molding sands have been quantita- 
tively related to the ingredients of the sand mixture. 
The peak strength moisture percentage has been 
taken as the maximum percentage of water adsorbed 
by the various ingredients. The reasons for this choice 
were cited in Reference 1. Foundry sands are usually 
operated at a moisture level somewhat higher than the 
percentage producing peak green strength. This is 
done to obtain plasticity or deformation, bulking, 
dry strength, decreased flowability, easier molding, or 
simply to please molders. Study of sands as used in 
foundries indicates that about 10 per cent to 30 per 
cent mote water is used in synthetic sands than the 
calculated value. 


In natural sands, more water is used. In example, if 
the calculated value is 3.0 per cent, then 3.30 to 3.90 
per cent might be used. This is not necessarily unde- 
sirable or desirable. However, intelligent use of a 
molding sand should mean that the use of free, un- 
adsorbed water is done in a controlled manner. It is 
the free water that has the major effect on the im- 
portant sand properties that play a part in molding, 
particularly flowability. It is the free water that has 
the major effect on dry strength, resistance to cuts 
and washes, dirt, etc.; important when the casting is 
poured. 
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In research on molding sands, emphasis should be 
placed on the importance of free water. For example, 
strength of different mixtures should be compared at 
equivalent percentages of free water. Flowability of 
sands should be compared on the same basis. Bulking 
of different mixtures should also be compared on the 
basis of equivalent percentages of free water. Ob- 
viously, the green strength of different mixtures, being 
greatly lowered by. free water, can only be compared 
on the basis of equivalent free water contents. The 
means of comparing widely different sand mixtures 


MolsTuRE REQUIREMENTS FOR MOLDING SANI 


under conditions where the moisture requirements 


the ingredients are satisfied seem to be met by th: 
techniques and data presented in this article. As ; 
limiting factor, it must be stated that thorough mixin; 


of sand mixtures is an implied factor. 
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MOLD HARDNESS: WHAT IT MEANS! 


By 


R. W. Heine,* E. H. King,** and J. S. Schumacher*** 


In the AFS Founpry SAND HaANbBOOK, 1952 edition, 
mold hardness is defined as “the resistance offered by 
the surface of a green sand mold to penetration by a 
loaded plunger.” The conditions of loading and the 
penetrator employed in the two common types of mold 
hardness testers are described in the same handbook, 
however, the handbook provides no information as 
to the meaning of mold hardness or its possible funda- 
mental relation to other properties of the sand. 
Foundrymen have therefore, often questioned the 
exact meaning of mold hardness test results. 
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Fig. 1— Average mold hardness and green compressive 
strength of gray iron foundry sand listed in Table 1 as related 
to number of rams. 


“Assoc. Prof., University of Wisconsin, Madison, Wis. 
**Vice-Pres., The Hill and Griffith Co., Cincinnati, Ohio. 
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Does mold hardness bear a specific and reproduc- 
ible relationship to properties such as green strength, 
density, ramming, sand ingredients, etc.? Are the re- 
lationships fundamental and predictable? Or, is mold 
hardness only an arbitrary measurement of the 
amount of ramming of a particular sand? These are 
important questions to ask about a test so widely used 
in sand testing laboratories and foundries. 

In testing mold hardness of many foundry sands 
and new sand mixtures, the authors have obtained 
data which provide answers to some of the questions. 
Table 1 lists laboratory data for the response of a 
particular foundry sand to ramming. Figure 1 shows 
how mold hardness and green strength are changed 
by varying the number of 14-lb, 2-in. rams applied to 
a 2.0-in. by 2.0-in. diam specimen. The mold hardness 


TABLE 1 — MoLtp HARDNESS AND GREEN STRENGTH 
OF A Founpry SAND AS RELATED TO 
NUMBER OF RAMS 





Compressive 





Average Green 
Mold Strength, 
Sand? Rams* Hardness psi 
Gray Iron Foundry, 14 Ib—11 97 50.5 
Southern Bentonite 7 95 36.5 
Bonded, 4.80% HO 5 92.7 29.0 
2 89 17.0 
2 Ib — 26 84.2 11.5 
14 81.2 8.2 
8 76 58 


1Two ramming weights of 14 lb and 2 lb dropped 20 in. were 
used to obtain a wide range of hardness readings. 
2 The sand is an operating gray iron foundry sand as follows: 


U.S. Sieve % Retained Total combustible 767% 
20 0.4 Combustible in sand 5.45% 
30 0.6 tg ~ 
40 292 Combustible in clay 2.22% 
4 PY 9.80 — 2.20 = 7.58 
100 276 True Clay = 7.58% 
140 11.4 
200 5.2 
270 1.4 
Pan 2.2 
Total 90.2 
% AFSClay— 9.8 
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Fig. 2— Relationship of average mold hardness and green 
strength in a gray iron foundry containing 7.58% true clay, 
7.67% combustible, bonded with southern bentonite (Table 1). 


reading plotted represents an average of three read- 
ings on the bottom and three readings on the top of 
the specimen using the 0.50-in. penetrator tester. This 
average mold hardness is used thi oughout this paper. 

Figure 2 for the same sand shows that green strength 
is related to mold hardness. Does the relationship 
shown in Fig. 2 apply only to this particular sand or 
is it generally applicable to all sands? To answer this 
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Fig. 3 — Relation of average mold hardness and green strength 
of sands listed in Table 2. The upper curve is considered the 
standard curve for clay-saturated sands. 
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TABLE 2 — SOUTHERN BENTONITE SAND MIXTURES 
TESTED FOR RELATIONSHIP OF MOLD HARDNESS 
AND GREEN STRENGTH 








% Southern 
Sand? Bentonite! % H2O 
68.4 AFS 4.0 2.30 
68.4 AFS 6.0 2.20 
68.4 AFS 10.0 3.10 
68.4 AFS 15.0 4.0 


1 Dry basis 
2 Sieve analysis 


U.S. Sieve % Retained 


40 1.4 
50 13.0 
70 $2.8 
100 $1.0 
140 17.6 
200 3.3 
270 _ 
Pan 1.0 


AFS GFN 68.1 





question, the mold hardness-green strength data for 
the sand mixtures listed in Table 2 were obtained 
and plotted in Fig. 3. Figure 3 shows the mold hard- 
ness-green strength relationship for new sand mix- 


TABLE 3 — RELATIONSHIP OF MOLD HARDNESS 
AND GREEN STRENGTH IN WESTERN 
BENTONITE-BONDED SANDS 





Green 
Compres- 
Average __ sive 
Mold Strength, 





Mixture Rams Hardness __ psi 
1. 10% Western Bentonite, 15 — 14-lb weight 96.7 51.0 
90% Sand, 3.40% H2O 8 — 14-lb weight 95 39.0 


5 — 14-lb weight 93.2 $2.0 
3 — 14-lb weight 90.8 23.9 
2 — 14-lb weight 88.2 18.5 
25— 2-lb weight 84.5 14.0 
18— 2-lb weight 82.0 11.0 
11— 2-lb weight ree 8.2 





2. 4% Western Bentonite, 1 W— 14-lb weight 75.5 4.9 


96% Sand, 2.80% HO 3-— 14-lb weight 83.5 7.15 
5 — 14-lb weight 87 8.6 

10 — 14-1b weight 90.7 11.30 

30 — 14-lb weight 93.5 16.30 





8. Gray Iron Foundry 1 —14-lb weight 85 13.0 


Sand. Western Benton- 3-— 14-lb weight 88.5 17.0 
ite, bonded, 8.8% clay, 4—14-lb weight 91.5 23.0 


5.10% combustible, 6— 14-lb weight 93 27.0 
3.40% HO, 64.5 AFS 8—14-lb weight 95 37 
No. 10 — 14-lb weight 96 41 





Sieve Analysis of Sand 1, 2, and 3. 





% Retained % Retained 





U. S. Sieve No. Sand 1 and 2 Sand 3 
30 _ 0.2 
40 0.78 5.2 
50 4.11 18.0 
70 19.6 31.2 
100 33.5 22.0 
140 26.5 7.8 
200 12.1 2.0 
270 2.46 8 
Pan 0.99 1.8 
100.0 89.0 
AFS No. _ 64.5 
% AFS Clay - 11.0 
% True Clay - 8.8 











R. W. Heine, E. H. Kine, J. S. SCHUMACHER 


cures of 4, 6, 10, and 15 per cent southern bentonite- 
bonded sand. Figure 3 shows that the two higher clay 
yercentages, 10 and 15 per cent, produce identical 
elationships of mold hardness and green strength. 
However, the two lower clay contents, 6 and 4 per 
cent, respectively, develop lower green strengths at a 
given mold hardness with decreasing clay content. 

A fundamental reason for the difference caused by 
the high and low clay ranges exists. The mold hard- 
ness-green strength relationship of the high clay con- 
tent sand is characteristic of clay saturated sands 
while that of the low clay content sands is charac- 
teristic of clay-poor sands. A clay-saturated sand has 
been proven to be one which contains sufficient clay 
so that no further green strength can be developed 
with increase of clay content.? It is, in other words, 
fully bonded. The upper curve in Fig. 3 can then be 
regarded as presenting the maximum green strength 
attainable at a particular mold hardness and is con- 
sidered the standard curve for clay saturated sands. 

By comparison, a clay-poor sand contains less than 
the clay saturation level. For most bentonite-bonded 
sands the saturation level is about 8 to 12 per cent but 
it depends on the clay source and sand sieve analysis. 
Note that the curve in Fig. 2 for a southern bentonite- 
bonded gray iron foundry sand containing 7.58 per 
cent clay falls only slightly below the curve in Fig. 3 
for saturated sands. Below the saturation level, the 
green strength always occurs at less than the maxi- 
mum for a given mold hardness, being lower as clay 
content decreases. 

To illustrate, data for a 10 per cent western ben- 
tonite-bonded sand is listed in Table 3 and plotted 
in Fig. 4. Again, the western bentonite clay saturated 
sand compares closely with the southern bentonite 
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Fig. 4— Relation of mold hardness to green strength for sands 
listed in Table 3. The standard curve is reproduced from 
Fig. 3, upper curve. 
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clay saturated sand. But the mixture containing 4 
per cent western bentonite shows a low relationship 
of green strength to mold hardness. Also shown in 
Fig. 4 is a gray iron foundry sand bonded with western 
bentonite, and containing 11.0 per cent AFS clay, 8.8 
per cent true clay, and 5.6 per cent combustible mat- 
ter. Agreement of the nearly clay saturated foundry 
sand and new mixture is good. 

For further comparison, new 15 per cent and 20 
per cent fire clay-bonded sand mixtures and a fire 
clay-bonded gray iron foundry sand are compared in 
Fig. 5. Note again the agreement of the curves for 
the two lower clay content sands and their downward 
displacement from the clay saturation level. This is 
due to 15 per cent fire clay being on the borderline 
for saturation with fire clay.2, The 20 per cent mixture 
approaches the saturation curve. 

After comparing Figs. 2-5 and studying the vast 
available data, a summary graph may be presented as 
in Fig. 6. The curve in Fig. 6 shows the maximum 
green strength which is developed at any particular 
mold hardness and establishes a fundamental relation- 
ship of these two properties. 

Clay saturated sands give the maximum strength at 
any mold hardness and give test results identical with 
or closely approximating the curve. Clay poor sands 
develop a mold hardness-green strength curve below 
the maximum and characteristic of the particular in- 
gredients of the sand. In support of these statements, 
the authors point out that they have tested a great 
number of foundry sands, new sand mixtures, and 
additives. In no case within the normal range of 
foundry sand mixtures has the relationship occurred 
at a higher level than that shown in Fig. 6. In clay 
starved sands the relationship occurs below the curve. 
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Fig. 5 — Relation of mold hardness and green strength in two 
new fire clay-bonded sand mixtures and in a fire clay-bonded 
ray iron toundry sand. 
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Fig. 6 — Curve relating maximum green strength at any hard- 
ness for clay-saturated sands. This curve corresponds to the 
one for clay-saturated sands in Fig. 3. 


This of course, does not mean that no higher green 
strength-mold hardness level can exist. Simply, none 
has been detected in conventional foundry sands. 

The fundamental relationship pointed out has been 
found to hold over the wide range of material varia- 
tions occurring in foundry sands. Changes in sieve 
analysis and AFS grain fineness number as commonly 
used in foundries still give the relationship in Fig. 6. 
Changes in moisture level exert no effect on the 
curve at any moisture content within the usual range. 
For example, in Fig. 7, a sand mixture of 4 per cent 
western bentonite and 96 per cent 59 AFS grain fine- 
ness number Ottawa sand is compared at two different 
moisture levels, 2.10 and 2.70 per cent. Curves for 
these two sands coincide. However, the green strength 
at three rams is lower at the higher moisture level as 
might be expected. This means a variation of moisture 
in a given sand requires a different amount of ram- 
ming energy to develop a given mold hardness. In the 
laboratory, this is accomplished by varying the num- 
ber of rams. Still, at a given mold hardness, in spite of 
moisture variations, the same green strength exists. 

Additives have been found to change the percentage 
of clay required to achieve saturation. However, the 
relationships are the same. One major factor is the 
mixing given to the sand. Under-mixing lowers the 
level of green strength at a given mold hardness. In 
other words, a clay saturated sand may develop a 
curve at a lower level than expected if the sand is not 
completely mixed. A saturated sand is caused to func- 
tion as an unsaturated sand when mixing is incom- 
plete. Considering the factors mentioned, this funda- 
mental relationship provides an excellent means of 


Mop Harpnes: 


studying variables such as mixing, tempering, sieve- 
analysis, additives, etc., in foundry sands. 


Discussion 

An implication of the fundamental relationship 
between mold hardness and green strength is that 
mold hardness test values are mainly a reflection of 
the bonding strength existing in a sand. This is an- 
alogous to the meaning of the hardness test in metals. 
For example, in steels, hardness is proportional to 
strength according to the well known relationship, 
brinell hardness x 500 equals tensile strength. In 
molding sands, however, there is the complicating 
factor of the density to which the specimen is rammed 
and its influence on strength. 

Is it increased density per se through ramming that 
causes increased strength? Or, is it increased use of 
the bonding agent by greater contact area when 
density is increased that results in greater strength? 
The metal analogy provides a clue. In gray irons, the 
relationship of brinell hardness to tensile strength is 
bhn x 160 to 210 equals tensile strength. In the gray 
irons, lower strength occurs at given hardness when 
compared with steel due to the graphite present, i.e., 
there is less continuous metal bonding. This is an- 
alogous to the effect of strength on mold hardness at 
lower density in clay saturated sands, and to the effect 
of decreasing clay content in clay-poor sands. 

In other words, there is less clay bonding from both 
lower density and lower clay content in both types 
of sand-clay aggregates. For these reasons, it appears 
that mold hardness is basically a measure of the 
amount of bonding (i.e., strength) available. In clay- 
poor sands, there never is enough clay present to fully 
develop the bonding strength available at a given 
hardness from the clay. In clay saturated sands, there 
is sufficient bonding strength available from the clay 
at a given hardness to develop the maximum strength 
available. This is exactly equivalent to the steel-gray 
iron analogy cited earlier. 
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Fig. 7 — Ettect of moisture content on mold hardness-green 
strength relationship of a green sand. 
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In considering other properties such as permea- 
bility, density, deformation, etc., no direct generally 
:pplicable correlation to mold hardness has been 
ound. This is due to the fact that numerous items 
such as average fineness, size distribution, additives, 
moisture, differences in swelling of the three clay types, 
etc., have complicating effects that present correla- 
tion with mold hardness. This is to be expected since 
these other properties are not primarily strength de- 
pendent. The fundamental relationship of mold hard- 
ness and green strength then is one that fits the 
generally known facts. 


Summary 
A basic relationship of mold hardness to green 
strength has been revealed. The relationship is gen- 
erally applicable to clay-saturated sands. In clay-poor 
sands, the relationship depends on clay content and 
factors influencing clay distribution. 


Operational Footnote 


Here is an easy method of correlating sand labora- 
tory results and molding operations. By developing 
mold hardness curves for a molding sand in a shop, 
the operations foreman can tell immediately the phys- 
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ical characteristics of the sand at any time. For in- 
stance, if a mold is being made with a standard num- 
ber of jolts and. squeeze, a certain mold hardness will 
be developed characteristic of the sand. A drop in 
hardness will then mean that the moisture of the sand 
has increased, or a factor in sand control has gone 
awry, or the mold is not being made according to the 
standard. Thus, if the proper mold hardness control 
curves are maintained for a given sand, then molding 
can be controlled by mold hardness measurements. 
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CORRELATION BETWEEN CASTING SURFACE 
AND HOT PROPERTIES OF MOLDING SANDS 


By 


AFS Sand Division Committee (8-J)* 


Introduction 


Committee 8-J has undertaken and completed the 
task of determining the relationship between expan- 
sion-type scab, buckle and rat-tail imperfections on 
the casting surface and the hot properties of gray iron 
molding sands. 

In previous progress reports it has shown how vari- 
ous sand properties influenced the degree of mold 
surface fracturing which imprints on the cast sur- 
face scab, buckle and rat-tail imperfections. A brief 
review of past findings follows: 

The Committee’s 1948 report (AFS TRANSACTIONS, 
vol. 56) showed that high hot strength and high flow- 
ability under certain conditions were conducive to 
producing more rat-tails. It was also found that when 
the hot strength was high the confined expansion had 
to be very low to prevent rat-tailing. Sands with a 
hot strength over 100 psi at 1000 F or sands with a 


*Membership of Committee (8-J) on Physical Properties of 
Iron Molding Materials at Elevated Temperatures is as follows: 
Chairman, J. A. Gitzen, Delta Oil Products Co., Milwaukee; 
Vice-Chairman, K. S. Brooker, Republic Steel Corp., Detroit; 
Vice-Chairman, C. E. Morrison, Ironton, Ohio; Secretary, W. A. 
Spindler, University of Michigan, Ann Arbor; R. W. Bennett, 
Walter Gerlinger Inc., Milwaukee; C. L. Bowman, Dalton Found- 
ries, Inc., Warsaw, Ind.; J. W. Coffey, Gunite Foundries Corp., 
Rockford, Ill.; H. W. Dietert, Harry W. Dietert Co., Detroit; 
R. L. Doelman, Miller & Co., Chicago; F. W. Fuller, Fred W. 
Fuller Co., Cleveland; R. L. Gollmar, Elyria Foundry Co., Elyria, 
Ohio; R. A. Green, Westlake, Ohio; John Grennan, University of 
Michigan (Retired), Ann Arbor; J. S. Groh, Manley Sand Co., 
Rockton, Ill.; H. J. Jameson, Harry W. Dietert Co., Detroit; 
Allan Johnson, American Radiator & Standard Sanitary Corp., 
Buffalo; Burdette Jones, John Deere & Co., Waterloo, Iowa; 
D. J. Jones, New Jersey Silica Sand Co., Millville, N. J.; D. R. 
Jones, Illinois Clay Products Co., Chicago; G. A. Kelly, Pickering, 
Ont., Canada; Roy Korpi, Ford Motor Co., Dearborn, Mich.; 
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rical, Magnet Cove Barium Corp., Des Plaines, Ill.; A. E. Murton, 
Dept. of Mines & Technical Surveys, Ottawa, Ont., Canada; E. J. 
Passman, Frederic B. Stevens, Inc., Detroit; C. F. Quest, J. F. 
Quest Foundry Co., Minneapolis; E. N. Reusser, Ford Motor Co., 
Berea, Ohio; Victor Rowell, Harry W. Dietert Co., Detroit; L. E. 
Taylor, Goebig Mineral Supply Co., Chicago; A. P. Volkmar, 
Fairbanks Morse Co., Beloit, Wis.; G. F. Watson, American Brake 
Shoe Co., Mahwah, N. J.; R. W. Wilke, American Radiator & 
Standard Sanitary Corp., Louisville, Ky.; E. C. Zirzow, Werner 
G. Smith, Inc., Cleveland; E. C. Zuppann, Oliver Corp., South 
Bend, Ind. 
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confined expansion over 0.040 in./in. produced rat- 
tails most of the time. 

The. 1949 report (AFS Transactions, vol. 57) 
showed that rat-tailing could be eliminated by the 
addition of cellulose material, or cereal binders, 
through the proper choice of new natural-bonded 
sands and by control of fines. 

This report showed further proof that the higher 
the hot strength, the lower must be the confined ex- 
pansion to eliminate rat-tailing tendencies. 


The Committee’s 1951 report (AFS TRANSACTIONS, 
vol. 59) showed that freedom from scabbing was se- 
cured for castings under study whenever the hot de- 
formation was over 0.009 in. No scabbing was ex- 
perienced when the green compressive strength was 
above 14 psi. Scabs were always present whenever the 
sand density was above 110 lb/cu ft. The same held 
true if the green deformation was above 0.025 in./in. 
The above holds true under conditions of test. 

The higher the dry strength, the greater the scab- 
bing tendencies. Sands with low percentages of silt 
(0 to 50 microns) showed the greatest freedom from 
scabbing. 

The 1955 progress report, (AFS TRANSACTIONS, vol. 
63) presented an interesting study of the relation 
between the intersection of the hot deformation and 
the expansion curves at various furnace temperatures 
and the scabbing tendencies of sands. The theory in- 
volved is that whenever the sand possesses a hot de- 
formation greater than the expansion of the sand, 
the mold wall will not be fractured. This principle 
is apparently sound, however, the amount of test 
work required is much greater than desired for con- 
trol purposes. 

The Committee next set itself the task of develop- 
ing a laboratory test that would require only a single 
test set-up and one easy to perform. 

This task was undertaken and completed in 1956. 
This final report deals with this subject matter. 

During the January, 1956 meeting, castings No. 100 
to 110, inclusive, were made at the foundry of the 
University of Michigan under controlled conditions. 
All sand tests were made at the laboratories of the 
Harry W. Dietert Co. 
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TABLE 1 — ComposiTION OF MoLpING SANDs USED IN FouNDRY 





































































































































































































































































































LINE |MIX NUMBER 100 | 101 | 102] 103 | 104] 105 | 106 | 107 | 108] 109] 10 
| 1 [OTTAWA SILICA SAND 45 %| 69.0 | 69.0 | 690 | 905 78.8 64.4 | 758 
2 _|OTTAWA SILICA SAND 102% 90.0 68.0 
3 |SWLICA SAND- 140 %| 95.0 
[4  |SLICA SANDAFS STO -% 22.0 
5 |LAKE SAND-U.OF M. %| 830 
6  |SILICA FLOUR % 198] 198 | 198 10.0 190 | 214 
7 _|OHIO BONDING CLAY % %7.7| #7.7| 7.7| 875| 12.0 7.7 7.7 
8 |WESTERN BENTONITE %| 06 | 0.6 | 06 | O75 25 | 06 | 25 | 50] 40 
9 |SOUTHERN BENTONITE % 25 25 
10 | SEACOAL %| 29| 29 | 29 50| 50 | 29] 50 29 
11 | CEREAL % 1.7 
12 _|WOOD FLOUR % 20 rr 
13 _| WATER %| 54| 50 | 45| 24] 41] 35 47| 40 | 32} 45| 48 
TABLE 2 — Qua.ity Stupy oF TEsT CasTINGs 
LINE | SAND NUMBER 100 | 10! io2 | 103 | 104 | 105 | 106 | 107 | 108 | 109 | to 
| 95 _| SCAB AREA - SQ IN. i76 | 151 | 78 | 32 | 33 | 0.0 | 197] 00 | 00 | 00 | 00 | 
96 SCAB LENGTH - IN. 285| 283/ 179 | 64 | 88 | 0.0 | 373/00 | 00 | 0.0 | 0.0 
[97 | RAT-TAIL LENGTH-IN. | 55 | 25 | 60 | 2 [18 | 18 [ 2.2 | 4.2 | 225] 0.0 | 00 | 
98 VEINING LENGTH -IN. oo [00 /00/00/25 | 70 |oo/]19 [oo0]1.0 | 21 
[99 | TOTAL LENGTH OF DEFECTS-IN.| 340| 308 | 239] 175 | 13! | 87 | 395| 62 | 225110 | 21 
| 
TaBLE 3— RooM TEMPERATURE PROPERTIES OF MOLDING SANDS 
“INE [MIX NUMBER | 100 | 101 | 102 103 | 104] 105 [ 106 | 107 | 108 [| tog | Ho 
i4_ | MOISTURE ui %| 54| 50 | 45 | 24| 41/35 | 47 | 40 | 32] 45 | 48 
15 _|SPECIMEN WEIGHT, GM. _—_—|_186.5| 1840 | 1820| 1690 | 173.5 | 153.5 | 180.0| 1590 | 148.0! 1680 | 169.0 
16 |DENSITY, LBS/ CU. FT. 113.5 ]109.5| 1088] 101.0 | 104.0 | 92.3 | 1083| 953| 89.5| 1014 | 1028 
\7 _|SPECIMEN MOLD HARDNESS | 81.5| 820| 830| 850| 860/ 83.0|/ 790/ 81.5| 800| 870| 71.5 | 
18 | PERMEABILITY 306| 35.7] 322| 16! 880 | 436| 715| 440| 400] 108] 524 
| 19 _|GREEN COMPRESSION, PSI. 94] 87] 100) 101 | 126 79| 67| 73| 64| 146/ 40 
20 |GREEN DEFORMATION, IN./IN. | .0240| .0238| .0185 | .0124 | .0227 | .0169 | 0234 |.0200 | 0122] 0170 | 0295 
21 |YIELD STRENGTH, PSI. 6.0] 62 70| 75 | 88 | 55 | 43 | 42] 42] 7! 24 
22__| DIETERT FLOWABILITY _%| 69.2 | 683 | 673 | 820 | 720 | 81.7 | 702 | | 820 | 605] 695 | 
23__| ROWELL FLOWABILITY %| 67.5 | 625 | 724 | 725 | 770 | 709 | 73.0 | 73.9 | 675 | TIO| 61.1 
24 |GREEN TENSILE, OZ. 47| s5s7{ 53] uw7{/u9 | 93 | 465] 87] 61 975} 1.55 
25 |DRY COMPRESSION, PSI. 255.7 | 2184 | 774/| 1524 | 218.1 | 2170 |263.5 | 1304 | 988 es 
26 | pH 695| 680| 655| 590| 585| 840| 755] 850| 900| 780] 615 
Members of Committee 8-] performed all foundry Green hardness of molds was measured (Table 4). 


and laboratory operations. 


Sand Composition 
Composition of the ten sands under study in Janu- 
ary, 1956 are tabulated in Table 1. Bonds employed 
were western bentonite, southern bentonite, and clay. 
Silica sand of the washed grades and Michigan 
lake sand of the unwashed grade were used as the 
base sands. Additives such as silica flour, sea coal, 

cereal, and wood flour were employed. 


Pattern — Molds — Castings 
The pattern used in these tests was the 8-J Scab 
Pattern as described in the 1951 progress report, 
(AFS Transactions, vol. 59). This pattern with gate 
was mounted. Molds were made in an aluminum snap 
flask on a jolt-squeeze machine. All molds were 
rammed with 40 jolts and 90 psi pressure squeeze. 


A minimum of three castings were made with each 
sand under test. Excellent reproducibility of casting 
quality was obtained from each sand. Casting quality 
was carefully studied. Data secured from this study 
are tabulated in Table 2. 

Area of the scabs was determined by weighing 
aluminum foil cut to the size of each scab. Knowing 
the area per gram of foil made it possible to calculate 
the total area of scabs on a particular casting. 

A much simpler method was found workable. This 
method requires one to measure the length of a scab 
on its longest axis. Length of each buckle and rat-tail 
was also measured. Combined length of these mold 
fracture defects was found to correlate well with sand 
properties. Using length as the index of defect mag- 
nitude allows one to group scab, buckle, and rat-tail 
defects under a single correlation. 





130 CasTING SURFACE AND MOLDING SAND: 


TABLE 4— HIGH-TEMPERATURE PROPERTIES OF MOLDING SANDS UNDER TEST 





HIGH TEMPERATURE PROPERTIES 

















LINE | SAND NUMBER 100 | tol | to2 | 103 | 104] 105 | 106 | 107 | 108 | 109 HO | 
27 | SPECIMEN WEIGHT, GM. 55.8 | 54.0| 33.0] 505/| 51.0 | 466/ 54.3| 478 | 45.0| 50.5| 52.0. 
28 | DROP OF WEIGHT-INCHES 1.125] 1.00 | 1.00] .59 | .875| .875| 675] .94| .94 | 1125] 1.50) 
29 |MOLD HARDNESS 80 73 78 8! 81 79 75 77 76 | 85 | 70) 








30 |HOT STRENGTH-IPSI. LOAD 


















































31 500F, PSI. 74 | 95 | 85 | 28 | 54] S| t22| 142 | 505] US| O- 
32 iOOOF, PSI. 147 | 144 | 119 | 39 | 86 95 | 129 | 143 | 45 | 205| oOo | 
33 1100F,_ PSI. is6 | iat | ti6 | 59 | 77] 131 | 138 | 178 | 70 195] 0 | 
34 ISOOF, PSI. 280 | 253 | 144 | 83 | 105 | 333| 261 | 427/134 | 54 o | 
35 I800F, PSI. 281 | 316 | 229 | 82| 74| 142| 337| 191| 328 | 98 0) 
36 2000F, PSI. 353 | 311 | 278| 148 | 205 | 65| 338/ 93| 263 | 9I 0 
37 2250F, PSI. 235 __45 | 325| 47/ 156 | 0 








es en PSE, Ts 





38 |HOT DEFORMATION-IPSL 57 Be x es. ae | 
|.0066 | 0058 | .0065 0029 | .0044 | .o062 .0037| .0075 | .0043|.0059| --- 





291 | 233 | 148 | 169 | 45| 325| 47| 156 | 61 
| 
| 








































































































39 _5O0F, IN./ IN. 
40 1000 F, IN./ IN. .0068 | .0063| .0064 | .0039| .0055| 0063| .0056| 0063 | .0043|.0049| ---_ 
pai [00 W7IN. __[.00@2| .0076 | .007! | .0064| 0059 | 0082! .0077| 0079 | .0064| 0044| --- | 
42 | 1500F, IN /IN. 0127| .0122| .0094 | .0076| .0107| .0155| .0108| .0150| .0109| .0079| --- 
43 |  1800F, IN./IN. .0165| .0171 | .0172 | .0096| .0090| 0383] .0180| .0365 | .0358/ 0180] --- 
44 2000F, IN. /IN. 0246 | 0247 .0238| .0093| 0256| 0111| .0205| .0152 | .0632| .0147 | - -- 
[45 |  2250F,IN7IN _—'| 0292| .0261| .0263| .0129| .0326| .0125| .o274| O11: + ae 0340| --- 

| | 

46 |MAX. EXPANSION-IPSI LOAD | |. OR wae ; 

47 500F, IN/IN. -.0020 |+.0020 |+.0017 |+.0015 |+.0017|+.0012|+.0021 |+.0009 |+.0008|-.0042| --- 
48 1000 F, IN./IN. +.0138| .0127| 0138 | 0108] .0129| .0151| .0139 | 0126 | .0098|+.0098| --- 
49 1100 F, IN./IN. 0187 | .0173| .0175| 0141| 0158] 0170] .o181 | 0169 | .0132| o125| --- 
50 1500 F, IN. /IN 0171 | .0180| 0175| 0165] 0145| .0159| 0171 | o166 | 0188] o113| --- 
51 1800 F, IN. /IN. 0188 | 0218] 0203| o192| .0161| .o140] .o206| 0159 | .0186| o116| --- 
52 2000 F, IN. JIN. 0174] 0161 | 016! | .0143| 0125] 0079] .0152 | 0103 | 0108] .0035] --- 
53 2250 F, IN. ZIN. 0153 | .0147| 0147| .0137| Ol22| 0114] 0133 | 0118 | .0100| Olle] --- 

CALCULATED VALUES 

LINE | SAND NUMBER 100 | 101 | 102 | 103 | 104 | 105] 106 | 107] 108 | 109 | 110 
54 |UNACCOMMODATED EXP-IN/IN.| 0095 | .0097 |.0104 | .0077|.0099 | 0088 |.0104 | 0090 | .0068 |.0081 | --- 
55 |CRITICAL TEMP.-DEGREES F | 1570 | 1800 | 1720 | 2000| 1500 | 1370 | 1680 | 1410 | 1550 | 1500 | --- 
56 [INCLUDED AREA 269 | 337 | 436 | 571 | 307 | 246| 430 | 202| 272| 181 | --- | 














Room-Temperature Properties 

Room temperature properties of sands used were 
tested in accordance with AFS Standard Methods 
where available. Test data for room temperature 
properties are tabulated in Table 3 for sands No. 100 
to 110, inclusive. 

Dietert Flowability Test consists of a dial indi- 
cator attached to the top of the sand specimen ram- 
mer. Movement of the sand between the fourth and 
fifth rams is read in thousandths of an inch, This 
movement is expressed as per cent flowability, taking 
no movement as 100 per cent flowability. 

Rowell Flowability Test involves ramming sand 
into a 60-degree angle pocket formed by inserting a 
special plate in the standard specimen tube. Flow- 
ability percentage is expressed in percentage of hard- 
ness difference between the bottom and top of the 
plane surface formed by the plate. 

Density of the sand was measured using a mechan- 
ical density indicator. The sand (165 grams) was 
































rammed with an AFS standard sand rammer and the 
density read from the density scale of the indicator 
after three rams. 

In testing pH, 100 grams of sand were added to 100 
ml of neutral distilled water and agitated. The pH of 
the water-sand suspension was measured with a labo- 
ratory model electric pH meter. 


High-Temperature Properties 

High-temperature properties of sands No. 100 to 
110, inclusive, are tabulated in Tables 4 and 5. Sand 
specimens for all of the high-temperature tests were 
rammed to the same green hardness as the sand was 
rammed in the molds. This is a very important step, 
particularly so, in high-temperature testing where one 
wishes to determine how low each particular sand 
would behave at the mold surface. 

Better correlation of high-temperature test data has 
been secured since this practice has been used by the 
Committee, beginning in 1951. 
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TABLE 5 — RESTRAINING LOAD AND SHOCK EXPANSION UNDER |-ps1t LoAp Test DATA 






















































































































































































RESTRAINING LOAD 
r_INE | SAND NUMBER 100 | 10: | 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109 | 10 
| 57  |RESTRAINING LOAD, NET 
58 |I800F, 0.25MIN.- PSI. 22 | 20 | 17 6 | 14.5] 19 24 | 28.5] 12 5.5 | 3 
59 0.5 38 | 40 | 20 i2 | 20 | 305 | 445] 47 18 8.5 | 3 
60 | 0.75 a9 | 54 | 295] 21 23 | 38 45.5] 52.5] 30 | 12 3 
61 | 1.0 52 51 28 | 24 | 265 | 43.5 | 56 | 54.5] 30.5| 12 3 
62 1.25 50 51 29.5| 225] 26.5 | 45 59 | 57 43.5| 11 3 
63 1.5 53 62 | 32 | 225] 26.5 | 48 55 | 57.5| 47.5| 10 2 
64 1.75 49 555 | 34 | 225| 25 | 44 55 | 56.5| 45.5| 9 2 
65 2.0 45 50 | 29 | 24 | 27.5] 40 53.5| 54.5| 44 | 8 3 
66 2.25 57 sa | a6 | 28 | 26 ./| 37 52.5] 45 38.5| 7 3 
67 2.5 56.5 | 57 33 | 255| 235/355 | 485) 43 35.5| 6.5 3 
68 2.75 46 51.5 | 31 | 255| 22 | 345 | 45.5| 42 35.5| 5.5 3 
69 3.0 os 6 T ar) 3 23.5| 205 | 325 | 42 | 37 37.5| 5 3 
70 3.5 28 375| 205! 2: | 16 24 435| 29 28 | 85 3 
7I 4.0 30 | 28 | 20 | 185/| 12 19 405| 215 | 24 | 8 2 
72 4.5 28 | 23 16 15.5 | 10 16 37 | 155 | 1895| 45 | 0 
73 5.0 | 34 20 | 10 | 13 8.5/9 285/135 | 15 5 Py 
| | | 2 
4 co | 
74 |AVG. RESTRAINING LOAD-PSI. | 42 | 44 | 26 | 20 | 205 | 32 44 | 4! 32 | 8 2.5 
75 |MAX. RESTRAINING LOAD-PSI. | 57 62 | 34 | 25.5| 27.5| 48 59 | 575 | 47.5| 12 3 
SHOCK EXPANSION 
76 |SHOCK EXPANSION UNDER /PSI. ‘are? 
77 |LOAD AT I800F 0.25MIN.-IN/IN|.0054 |.005! |.0058 |.0048 | .0045 |.0040 |.0059 |.0043 |.0038 |.0019 | --- 
78 0.5 .0085 |.0092 |.0091 |.0079 | .0067 | .0059 | .0088 | .0062 | .0064 |.0042 | --- 
79 0.75 0102 |.0111 |.0109 | .0102 | .0080 |.0066 |.0106 |.0075 | .0078 |.0059 | --- 
80 1.0 0118 |.0127 |.0125 |.0118 |.0094]|.008! | .0123 |.0089 | .0094|.0074 | --- 
rT 1.25 0133 |.0143 |.0144 |.0125 | 0109 | .0092 |.0139 |.0104 |.0110 |.0087| --- 
82 1.5 0147 |.0157 |.0156 |.0139 |.0125 |.0104 |.0157 |.0120 |.0124|.0094| - - - 
83 1.75 |.0188 |.0170 |.0166 |.015!1 |.0135 |.0119 |.0167 |.0134 |.0134 |.0100 | --- 
84 2.0 | o166 |.0182 |.0176 | .0161 | .0148 |.0130 |.0179 |.0147 |.0146 |.0107 | --- 
85 > 2.25 0174 | .0196 |.0186 |.0171 |.0154|.0136 |.0194 | .0153 | .0152 |.0113 | --- 
86 25 0181 |.0204|.0192 |.0179 |.0160 |.0140 |.0199 |.0159 |.0164 |.0115 | --- 
87 2.75 0185 |.0215 |.0198 |.0190 |.0161 |.0140 |.0204|.0159 |.0171 |.0115 | --- 
88 3.0 .0187 |.0217 |.0201 |.0192 | .0161 |.0139 |.0206|.0159 |.0179 |.o116 | --- 
89 35 0188 |.0217 |.0203 | 0192 |.0160 | .0137 |.0204 |.0159 | 0186 | .o116 | --- 
90 4.0 0187 |.0217 |.0201 | o189 |.0155 |.0136 |.0204|.0159 |.0186 |.o116 | --- 
91 45 0186 |.0217 |.0201 |.0182 |.015! |.0134 |.0203].0157 |.0183 |.0115 | --- 
92 "5.0 0184 | .0216 |.0200 | .0182 |.0150 |.0133 |.0203|.0156 |.0180 |.0115 | --- 
93 _|SHOCK EXPANSION UNDER | PSI. 
94 |LOAD AT I800F 22.5SEC.-IN/IN| .0073 | .0072 | .0069 |.0060 | .0056 |.0051 |.0079 | .0053 | .0052 | .0040 











close new knowledge. 

High-temperature’ test data tabulated in Table 5 
does present some new data which can be immedi- 
ately put to practical use by iron foundries to control 
molding sands for elimination of scabs, buckles and 
rat-tails. Two new simple test methods have been 


Sand specimens 114 in. diameter x 2 in. high for 
high-temperature testing can be readily rammed to 
any selected green hardness by employing an adjust- 
able height weight raising device on the sand rammer, 
as illustrated in Fig. 1. The height to which the 
rammer weight is raised by the cam is controlled by 





an adjustment on the rammer cam. By trial, one de- 
termines the correct height setting to secure a definite 
green hardness. 

In the interest of brevity, no graphs will be shown 
in this report of the correlation between the test data 
found in Table 4 covering hot strength, hot deforma- 
tion and maximum expansion with scabbing tenden- 
cies. Correlations of this nature were shown in the 
1955 Committee Report and repetition does not dis- 


developed, the restraining load test and the shock 
expansion under I-psi load. Details concerning these 
tests are given in the following paragraphs. 


Restraining Load Test 
The restraining load test employs a 114-in. x 2-in. 
test specimen rammed to the same green hardness to 
which the sand is rammed in the mold. 
The furnace of the dilatometer is held at 1800 F. 
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Fig. 1 — 1%-in. x 2-in. sand 
rammer, equipped with ad- 
justable ramming device. 





The dilatometer is set-up as if for hot-strength tests 
with the exception that a dial indicator or a hot- 
deformation recorder is used to measure any move- 
ment of the bottom post. 

A schematic diagram of the dilatometer set-up for 
this test is shown in Fig. 2. A dial indicator as shown 
in the sketch is adjusted to measure any movement 
of the lower post. This indicator or a recording hot 
deformation unit will show any change in length of 
the test specimen. 
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Fig. 2 — Dilatometer set-up for restraining load test. 


Purpose of the test is to apply sufficient load to 
the sand specimen to restrain the expansion, thus 
holding the sand specimen into play to accommodate 
the expansion of the sand. Amount of load required 
to produce sufficient accommodating hot deforma- 
tion varies with different sands. 

Those sands that require low loads to produce suf- 


CastTinG SURFACE AND MOoLpING SANDs 


ficient hot deformation to cancel out any expansion 
will be freer of mold wall fractures. Conversely, those 
sands requiring high loads to produce sufficient hot 
deformation to cancel out the expansion of the sand 
will have more and longer mold wall fractures. 

Duration of the test is 5 minutes during which time 
the load on the specimen is constantly being changed 
manually by the operator by means of a hydraulic 
hand pump or through manual adjustment of the 
hydraulic relief valve. The dial indicator or hot- 
deformation recorder is held at zero (indicating con- 
stant specimen length) by adjusting the load applied. 

At a 5-minute time interval the operator records 
the load in psi that is required to hold the specimen 
at a constant length. 

Relationship between the 5-minute restraining load 
and total length of scabs, rat-tails and buckle for the 
ten castings made during the January, 1956 meeting 
is shown in Fig. 3. 





RESTRAINING LOAD, I8O0F AT 5 MINUTES - PSI 
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TOTAL LENGTH OF SCABS, RAT- TAILS, BUCKLES & VEINS - INCHES 


Fig. 3 — Correlation between restraining load at 5 min and 
scabbing, buckling and rat-tailing tendencies of iron molding 
sands. 


The sands fall fairly close to a line which shows in- 
creasing mold wall fractures with an increase of the 
5-minute restraining load. 

This test has a fair amount of practical application 
for measuring the scabbing, rat-tailing, and buckling 
tendencies of a sand. However, there is a better test 
available. 


Shock Expansion Under 1-Psi Load Test 


The test that Committee 8-J recommends, as the 
best to date, for measuring the scabbing, buckling, 
and rat-tailing tendencies of gray iron sands is the 
shock expansion under 1.0 psi load test. 

The dilatometer for this test is rigged as shown in 
Fig. 4. Again the dilatometer is set-up as if for hot 
strength with the exception that a dial indicator or 
hot deformation recorder is used to measure any 
movement of the lower post or the sand specimen. A 
pressure gage is used to measure the load on the 
specimen. A pressure relief valve is set to hold the load 
on the specimen at 1.0 psi. 

The 11-in x 2-in. sand specimen is rammed to 
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Fig. 4— Diagram of dilatometer set-up for shock expansion 
under 1-psi load test. 


the same green hardness as molds are rammed in 
the foundry. The specimen is placed between the 
upper and lower dilatometer posts, using disks on 
both ends of the specimen. The furnace is held at 
1800 F and the load is maintained at 1.0 psi. Expan- 
sion of the sand specimen is read from the dial in- 
dicator or from a hot-deformation recorder. Readings 
were taken every 15 seconds for a duration of 5 min- 
utes. 

In these tests an expansion reading at 22.5 seconds 
correlated well with the total length of scabs, buck- 
les and rat-tails produced by a sand. Statistical study 
showed that the best correlation was obtained at the 
22.5 seconds time of soak. 

This correlation is shown in Fig. 5. It may be noted 
that a remarkably good correlation is secured. 

Shock expansion under 1I-psi load test is a good 
practical tool to measure the scabbing, buckling and 
rat-tailing tendencies of iron foundry sands. Expan- 





- IN. 7IN 


SHOCK EXPANSION UNDER | PS! LOAD 
AT 18OOF, 22.5 SEC 
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TOTAL LENGTH OF SCABS, RAT-TAILS, BUCKLES & VEINS - INCHES 


Fig. 5 — Correlation between shock expansion under 1-psi load 
at 22.5 sec and scabbing, buckling and rat-tailing tendencies of 
iron molding sands. 
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sion under 1-psi load simulates mold conditions. The 
sand at the surface of the mold wall is under com- 
pressive load due to the increase in sand volume re- 
sulting from expansion of the sand grains. 

The matter of choosing the time at which to record 
the shock expansion under |-psi load is not as critical 
as one might assume from the fact that in this series 
of tests a time of 22.5 seconds was selected. This 
time was chosen on the basis of the degree of cor- 
relation by statistical study. The graph in Fig. 6, 
using 30 seconds as the time of soak, shows the same 
trend but with a greater degree of scatter. 


SHOCK EXPANSION UNDER | PSI. LOAD 
AT 1800 F, 0.5 MIN. -IN./ IN. 





5 10 1S 20 25 30 35 


TOTAL LENGTH OF SCABS, RAT-~- TAILS, BUCKLES & VEINS-INCHES 


Fig. 6 — Correlation between shock expansion under 1-psi load 
at 30 sec and scabbing, buckling and rat-tailing tendencies of 
iron molding sands. 


In foundry control it is recommended that 22.5 
seconds, plus or minus 14 second, be used as the 
standard time at which the dial indicator is read to 
determine the shock expansion under 1.0 psi load. 


Conclusions 

1. Two simple one-specimen tests have been de- 
veloped to measure the scabbing, buckling, and rat- 
tailing tendencies of molding sands for iron casting. 

2. The shock expansion under 1.0-psi load test em- 
ploying a 114-in. by 2-in. specimen rammed to the 
same green hardness as used in the mold will meas- , 
ure the tendency toward mold wall expansion fail- 
ures. A furnace temperature of 1800 F is used with 
the sand specimen under a constant load of 1.0 psi. 
The expansion is recorded at a recommended time 
of 22.5 +Y% second. 

3. A second simple test, the restraining load test at 
1800 F, at 5-minute soak, also has practical value. 

4. The tendency of iron foundry sands to mold wall 
expansion failures under heat of the metal may be 
reduced by: 

(a) Reduction of expansion under I-psi load at 

1800 F, 

(b) Reduction of restraining load at 1800 F, 

(1) Additions of cushioning materials such as, 
sea coal, pitch, cellulose materials, cereal 
binders, clays, etc. 

(2) Reduction of fines, (silica flour, silt, etc.) . 








EFFECTS OF CHARGE MATERIALS AND MELTING 
CONDITIONS ON PROPERTIES 
OF MALLEABLE IRON 


By 


E. H. Belter* and R. W. Heine** 


This is the annual progress report on the AFS 
malleable iron research project and covers the fol- 
lowing areas of investigation: 


1. Effect of pig iron variations in the charge on 
the casting properties, mechanical properties 
and annealability of malleable iron; 

2. Variations in melting technique in an effort to 
change residual element recovery after melt- 
ing; 

3. Correlation of silicon oxidation with changes in 
residual element recovery; 

4. Effect of holding time at 2800 F on the mechani- 
cal properties. 


Procedure 

One hundred pound heats of iron were produced 
using the same practices described in previous annual 
reports.!,2-3,4.5 Chemical compositions of the charge 
materials used are given in Table 1 along with those 
used in previous work. 

The new supply of charge materials was obtained 
from the same commercial foundries as previous lots. 
Alloying additions used were 75 per cent ferrosili- 
con and powdered graphite. The ferrosilicon was 
added with the inititial charge and the graphite 
was added about 15 minutes after melt-down. 

Melting conditions are given in Table 2. The fur- 
nace atmospheres were applied during the entire 
melting and pouring cycle on all heats in the “D” 
series. The other heats listed in Table 2 were pre- 
pared for earlier reports, but are included because 





*Formerly AFS Project Assistant, Department of Mining & 
Metallurgy, University of Wisconsin, Madison, Wis.; presently 
Metallurgical Engineer with Bechtel Corp., San Francisco, Calif. 

**Associate Professor, Metallurgical Engineering, Department 
of Mining and Metallurgy, University of Wisconsin, Madison, 
Wis. 





This is the sixth progress report on a research project initiated 
and sponsored by the Research Committee of the Malleable 
Division of the American Foundrymen’s Society. Members of 
this Committee are as follows: C. F. Joseph, Chairman, W. D. 
McMillan, Vice-Chairman, H. Bornstein, W. A. Kennedy, J. H. 
Lansing, R. V. Osborne, R. P. Schauss, R. Schneidewind, Milton 
Tilley, and P. F. Ulmer. 
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TABLE 1] — CHEMICAL COMPOSITION OF 
MATERIALS IN THE CHARGE 








Material %C %Si %Mn %? %S 
Steel No. 1 0.06 0.08 0.40 0.040 0.030 
Steel No. 2 0.11 0.03 0.46 0.012 0.020 
Duplex No. | 2.54 1.30 0.41 0.110 0.146 
Duplex No. 2 2.60 1.15 0.47 0.120 0.150 
Cold Melt No. 1 2.48 1.10 0.37 0.126 0.085 
Cold Melt No. 2 2.26 1.09 0.31 0.096 0.083 
Pig Iron No. 1 3.70 1.80 0.75 0.100 0.030 
Pig Iron No. 2 1.13 1.90 0.89 0.118 0.042 





of their use in the study of residual elements later 
in this paper. All atmospheres in the “D” series were 
introduced at a rate of 0.78 cu ft per minute. 

In heats DM, DJ, DF, DH, and DI the amount of 
pig iron in the charge was increased by 2.5 per cent 
increments from 0 to 10 per cent with other melting 
variables held constant. Heats DK and DL contained 
the same charge proportions as heat DI but had in- 
creased melt-down times. Heats DN and DO were 
melted under the reducing mixture of 35 per cent 
CO-65 per cent Nz. Extremely oxidizing conditions 
were imposed on heats DP and DR with air at- 
mospheres and increased melt-down times. For com- 
parison with previous work heat DS was made with 
100 per cent sprue charge. The effect of increased 
holding time at 2800F was studied by preparing 
heats DT, DU, and DV for comparison with heats 
DS, DK and DL respectively. 


Results 

Chemical Composition 

Chemical compositions of the “D” series of heats 
are listed in Table 3. These heats followed the gen- 
eral principles for chemical changes in melting that 
have been developed in earlier work. In the case of 
heats DJ, DI, DK and DL there was a silicon pickup 
after melt-down. This was caused by a siliceous patch- 
ing material used to mend the crucible bottom which 
had become unduly cracked. The rest of the heats 
showed no significant differences between the melt- 
down and final silicon analysis, with the exception 
of heat DR. This was an air heat and past experi- 
ences have shown similar high temperature losses 
of silicon under extreme oxidizing conditions. 


57-48 
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TABLE 2— MELTING CONDITIONS 











Hold. , : 
Melt- Time Heat %Cc”* Si % Si % Mn %P %,§ 
down at Wt. Ratio DM 2.32 1.26 1.28 0.36 0.075 0.054 
Atmos- Time, 2800F, Pig/Sprue/ _Sprue Dj* 2.30 1.24 1.28 0.35 0.083 0.073 
Heat phere min min Steel Charged DF 2.30 1.20 1.23 0.32 0.077 0.069 
21% COs DH 2.34 1.24 1.26 0.33 0.076 0.070 
DM =——-'19% No 80 30 0/62.5/875 C.M.2 DI* 227 127 131 084 0.082 0.068 
21% COs DK* 2.37 1.34 1.40 0.37 0.081 0.065 
DJ 797 No 83 30 2.5/60/375 C.M.2 DU 2.40 1.34 135 0.39 0.066 0.060 
91 ““ co DL* 2.30 1.40 1.46 0.39 0.081 0.065 
DF sore Ne” 87 30 5/57.5/375 C.M.2 DV 237 139 140 040 0.070 0.061 
21 %, on DN 2.43 1.24 1.26 0.40 0.072 0.050 
79% Nz ‘aire DP 2.49 1.55 1.55 0.35 0.076 0.054 
21% CO. DR 2.44 1.50 1.45 0.32 0.080 0.051 
DI 79% No 80 So MANS CM DS 207 1.04 104 032 0.089 0.079 ° 
21% CO DT 2.15 1.04 1.04 0.29 0.096 0.075 
aia 79%, No , 120 $0 10/52.5/37.5 CM. *Siliceous patching material in crucible bottom. 
: 21% CO» 
DU 79%, No 120 60 10/52.5/37.5 C.M.2 i . 
TABLE 4— CasTING PROPERTIES 
DL pat — 160 ©= 80.—S-—«:10/52.5/87.5  C.M.2 
21 ph Mottling* Hot Fluidity, Pouring 
DV soe N 2 160 60 10/52.5/37.5 C.M.2 Heat %C % Si Tendency Tear in. Temp,F 
ont en DM 232 1.28 Mottled — 25.00 2800 
DN 65% N 78 80: 10/52.5/37.5 9 C.M.2 DJ 2.30 1.28 White 260 35.00 2900 
Phd. DF 2.30 1.23 White — 34.00 2810 
DO 75% a 80 30 10/52.5/37.5 C. M.2 DH 2.34 1.26 Mottled 175 29.00 2900 
%/o Ne DI 2.27 1.31 White 485 34.75 2800 
DP Air 120 30 10/52.5/37.5 C. M.2 DK 2.37 1.40 White _ - 2830 
DR Air 160 30 10/52.5/37.5 C. M.2 DU 2.40 1.35 Mottled 280 29.00 2810 
21% CO» DL 230 146 Mottled 275 2950 2840 
BS 79% No 80 30 0/100/0 C.M.2 DV -237 140 Mottled — 2250 2800 
- on DN 2.48 126 Mottled 185 31.00 2820 
DT 4 Cae” 80 60 0/100/0 C.M.2 DO  _ 2.35 125 Mottled 199 2650 2800 
aap ons DP 249 1.55 Mottled 225 27.75 2800 
25% 2) » DR 2.44 1.45 Mottled 495 30.75 2840 
B 4 5 60 0/100/0 C.M.1 
” 75% No , ne DS 207 1.04 White 285 25.25 2800 
21% CO» DT 2.15 1.04 White 295 25.50 2810 
= 79%, No ae - — eis *Mottle Bar 2 in. diam. x 8 in. 
21% CO2 7 60 0/100/0 Duplex 1 
N 79%, No ” — —— 
DD it ae 2 180 30 0/100/0 ~=— Duplex 1 Casting Properties 
aN2 ° ° ° ° 3° 
210, CO. Casting properties of mottling, fluidity, and hot 
co 79%, No aa “ I25/00/815 Dupin’ tear strength are presented in Table 4. In general, 
. 21% COz 130 60  125/50/37.5 Dupl properties obtained are in agreement with past obser- 
: - , F plex 2 : 
ae 79% No vations. However, an unusual number of the mottle 
CV at ig 180 60  12.5/50/37.5 Duplex 2 bars exhibited mottling. This behavior is associated 
a om with the use of mixed charges of pig iron, steel and 
CU net oh 85 60 0/50/50 Duplex 2 sprue rather than 100 per cent sprue charges as used 
cy Air 80 60 = 12.5/50/37.5 Duplex 2 in most of the previous work. 
| WHITE OR | 5 
WHITE | MOTTLED ——e | -——— MOTTLED —————-e 
100% CO—(DRY) é ‘. \° 
35% CO+ 65% Nz ——( DRY) rer aie § 
| | 
21 % CO, a pa 008 opieeee SB Be @ of ee 
79% No NO PIG > 000 © ao 8 « | 
Fig. 1— Eftect of mottling | 
number and melting conditions 12-14% CO (ORY) ob Ge eae e ee | 
on mottling tendency including 2-14 % C02 | | 
heats from Ref. 3, 4 and 5. +o% nt WITH H,0 BoxsRe % | 
21% Ogt 79% No (ORY) ° © oo| o oe . « . 
| 
100 % N, —(ORY) e le o 
ee ee pap. eae 
1.0 1S 12.0 12.5 13.0 13.5 14.0 
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TABLE 3— CHEMICAL COMPOSITION — D SERIES 





Meltdown Final 












































MOTTLING NUMBER —— «(4.25 x%C + 1.62 x % Si.) 
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Comparison of mottling in the “D” series of heats 
with mottling in the previous series may be made 
with the aid of a mottling number expressed as 4.25 
x %C x 1.82 x %Si. The constants 4.25 and 1.82 are 
used to convert the weight per cent of carbon and sili- 
con to atomic per cent, assuming only carbon, silicon, 
and iron are present in the alloy. These constants 
will change slightly as the weight percentages of 
carbon and silicon vary. However, the values selected 
represent typical carbon and silicon ranges for the 
iron in this work. 

The relationship of mottling number to melting 
conditions is summarized in Fig. 1 for the “D” series 
of heats and also for previous heats. The conditions 
which shift the mottling tendency to a higher mot- 
tling number are oxidizing melting, water vapor in 
melting furnace atmosphere, and high nitrogen con- 
tent in the melting furnace atmosphere. Conversely, 
mottling is promoted at lower mottling numbers by 
reducing melting conditions, absence of water vapor, 
decreasing nitrogen content, and by mixed charges 
containing pig iron. The latter effect from the charge 
is especially evident in Fig. 1 and in Table 4 for the 
“D” series. 


Mechanical Properties 

Mechanical properties of the “D” series of irons 
are listed in Table 5. These test bars were annealed 
according to the standard annealing cycle described 
in a previous report.2 The yield strengths and ulti- 
mate tensile strengths for most heats listed in Table 5 
are considerably lower than those observed in all 
previous work. Heats BA, DA, and DB are included 
in Table 5 to show the values obtained when the 
charge consisted of 100 per cent cold melt No. 1 sprue. 

Other than the variations in charge proportions, 
most of the melting variables encountered in the “D” 
series are comparable to those present in previous 
work. The two significant exceptions are the de 
creased holding time from 60 to 30 minutes, and the 
low phosphorus level of the charged materials. 

Effect of holding time with equivalent charge is 


TABLE 5 — MECHANICAL PROPERTIES 








1.Q. 
Corrected 
Yield Tensile to 
Strength, Strength, % 1.Q. 2.43%, 

Heat psi psi Elong. Uncorrected Cc 
DM $2860 52460 21.9 91.4 91.4 
DJ 33190 53940 18.0 87.9 87.9 
DF $2850 52830 17.1 85.6 85.6 
DH $3220 52560 19.8 89.5 89.5 
DI 33760 53530 15.7 84.8 84.8 
DK 33610 53300 17.6 87.5 87.5 
DU $5550 53070 17.2 89.2 89.2 
DL 33300 50200 10.8 72.3 72.3 
DV 34660 53020 18.2 89.4 89.4 
DN $2200 51130 19.4 86.4 86.4 
DO - $2780 52250 23.2 92.5 92.5 
DP 36220 55380 14.0 86.4 92.4 
DR 33550 52550 19.0 88.5 89.5 
DS 34800 53830 21.9 95.3 95.3 
DT $5510 53850 22.9 97.4 97.4 
BA 37700 53500 23.3 100.0 100.0 
DA 41140 55100 23.0 106.4 106.4 
DB 39290 55200 24.4 105.5 105.5 
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shown in a comparison of heats DT, DU and DV 
with heats DS, DK and DL, respectively. The main 
benefit expected from increased holding time is a 
higher yield strength due to absorption of nitrogen 
from the atmosphere. Earlier work has shown that 
melting under nitrogen-bearing atmospheres will pro- 
mote an absorption of nitrogen by the melt and this 
is accompanied by an increased yield strength. Other 
investigators’.9 working with steels have also shown 
increased yield strength is caused by nitrogen absorp- 
tion. While no nitrogen determinations were made 
on the present irons, it is assumed that the principles 
established in the previous experiments prevailed in 
these heats. A comparion of heats having the 60- 
minute holding period at 2800 F (DT, DU and DV) 
with heats DS, DK and DL, having the 30-minute 
holding period, does point out that a higher yield 
strength was obtained by increasing the holding pe- 
riod. 

Probably the largest single factor attributing to the 
decreased mechanical properties in the “D” series of 
heats is lower phosphorus levels. Phosphorus content 
of the cold melt No. 1 sprue was 0.126 per cent com- 
pared with 0.096 per cent for the cold melt No. 2 
sprue. Table 1 also shows that the new steel supply 
contains only 0.012 per cent phosphorus, whereas the 
No. 1 steel contained 0.040 per cent. Consequently, 
some of the “D” heats contain as much as 6 points 
less phosphorus than the previous series. Effect of 
phosphorus on tensile properties may be evaluated 
by considering the separate experiments of McCabe® 
and Kempka.7 Figure 2 is plotted from their data. 

By taking the average slopes of the curves on Fig. 
2, it can be seen that each increase of 0.01 per cent 
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Fig. 2 — Effect of phosphorus content on mechanical proper- 
ties. Data from Ref. 6 and 7. 
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TABLE 6 — MECHANICAL PROPERTIES AFTER 
PHOSPHORUS ADJUSTMENTS 








Yield Tensile 
Strength, Strength, % 
Heat psi psi Elong. 1.Q. 
DM 35510 54960 22.9 98.2 
DJ 35430 56050 18.9 94.0 
DF 35400 55240 18.1 92.1 
DH 35820 55010 20.8 96.2 
DI 36050 55690 16.6 91.1 
DK 35950 55510 18.5 93.1 
DU 38760 56020 18.4 96.7 
DL 35640 52410 11.7 78.8 
DV 37570 55770 19.3 96.9 
DN 35000 53780 20.5 93.8 
DO 35430 54750 24.2 99.4 
DP 38820 57830 15.0 93.4 
DR 35940 54810 19.9 94.8 
DS 36720 55650 22.6 100.2 
DT 37070 55320 23.5 101.4 





TABLE 7 — ANNEALABILITY 








FSG, SSG 

Final Hr at F/ Nodule 
Heat %C % Si 1700 F Hr Number 
DM 2.32 1.28 5 10 1800 
DJ 2.30 1.28 5 20 4900 
DF 2.30 1.23 5 20 5230 
DH 2.34 1.26 5 20 3500 
DI 2.27 1.31 5 20 7700 
DK 2.37 1.40 5 20 2800 
DU 2.40 1.35 5 20 $200 
DL 2.30 1.46 5 20 2700 
DV 2.37 1.40 5 20 4150 
DN 2.43 1.26 5 20 3500 
DO 2.35 1.25 5 20 2850 
DP 2.49 1.55 5 20 2300 
DR 2.44 1.45 5 20 2000 
DS 2.07 1.04 10 10 6500 
DT 2.15 1.04 10 10 4300 





phosphorus in the present irons would exert the fol- 
lowing effects on the mechanical properties: 


1. Increase yield strength 520 psi; 
2. Increase ultimate strength 492 psi; 
3. Increase elongation 0.2 per cent. 


Multiplying these factors by the difference in phos- 
phorus content of the present irons and 0.126 per 
cent, which was the level of previous heats, results 
in the values listed in Table 6. This adjustment 
brings the properties of all heats, except DL, up to 
levels comparable to irons prepared previously. Heat 
DL cannot be considered in any comparisons be- 
cause of extensive mottling found in the tensile test 
bars. It is interesting to note that other investigators 
have observed the phosphorus effects in low carbon 
steels to be of similar magnitude as shown here for 
malleable iron. 

With these adjustments, the I.Q. values based on 
the tensile properties of the “D” series fall in the 
range of 90 or more. A high 1.Q., 95-105, was ex- 
pected since the melting conditions employed have 
in the past always produced the best irons. The 95 to 
105 1.Q. range was not quite reached but this may 
be due to an effect of the mixed charge of pig iron, 
steel, and sprue and to the oxidation effect of, the 


steel. 
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Fig. 3— Relation of first stage graphitization to per cent 
silicon. Boundary limits taken from Fig. 9 of Ref. 5. 


Annealability 

First and second stage graphitization studies were 
conducted as in the past, namely, time at 1700 F for 
FSG, and cooling rate between 1480F and 1300F 
for SSG. The annealability data and nodule counts 
are reported in Table 7. As can be noted from the 
data, most of the irons showed complete first stage 
graphitization after 5 hours at 1700F. The excep- 
tions were the 100 per cent sprue heats (DS and DT) 
which were lowest in silicon percentage. Figure 3 is 
presented to show the correlation of the cold melt 
irons of the present experiments with the FSG boun- 
dary limits established in Fig. 9 of the 1956 report.5 

Second stage graphitization data shows that all 
heats were fully annealed at a cooling rate of 20F 
per hour, except for the two all-sprue heats (DS and 
DT) and heat DM, which contained steel but no 
pig iron. As may be noted, heat DM possessed a low 
nodule count. Figure 4 shows that the mixed charges 
of the “D” series responded to second stage graphiti- 
zation similarly to the “C” series of heats as plotted 
in Fig. 10 of the 1956 report.5 The cooling rate of 
20 F per hour was successful in graphitizing irons 
ranging from 1.23 per cent to 1.55 per cent silicon. 

Heats of the “D” series containing pig iron in 
the charge have a uniformly high first and second 
Stage graphitization rate. Exceptions are heats DM, 
DS, and DT which contain no pig iron. Thus, the 


TABLE 8 — RESIDUAL ELEMENTS IN 
CHARGE MATERIALS 








Material % Cr % Al %B % Ti % zr 
Steel No. 1 0.02* 0.014 <0.0002* <0.01* N.D. 
Steel No. 2 0.02* 0.018 <0.0002* <0.01* N.D. 
Duplex No. 1 0.02* <0.01 0.0020 0.024 N.D. 
Duplex No. 2 0.03* <0.01 0.0022 0.021 N.D. 
Cold Melt No. 1 —- <0.01 0.0006 0.026 N.D. 
Cold Melt No. 2 —- <0.01 0.0009 0.027 N.D. 
Pig Iron No. 1 —- <0.01 0.0010 0.059 <0.02* 
Pig Iron No. 2 0.00* <0.01 0.0014 0.053 <0.02* 

Note: Ferrosilicon used in these experiments contained 0.03% 

aluminum. 


*Determinations by wet analysis. All other analyses are spectro- 
graphic. 

**Zr not detectable on spectrograph due to spectral interference 
of iron matrix. 
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effect of pig iron in improving annealability reported 
in the 1956 paper is verified. Nodule number also fol- 
lows the behavior reported in the 1956 report. The 
nodule count of heats containing steel (37.5 per cent) 
and pig iron in the charge is lower at any given 
silicon level than that of the 100 per cent sprue heats. 


Residual Elements 

The percentages of the residual elements Cr, Al, 
B, Ti, and Zr in the raw materials are listed in Table 
8. Characteristics of the raw materials are noted as 
follows: 


1. The steel contains more aluminum, 0.014-0.018 
per cent, than any other ingredient of the charge 
except ferrosilicon. 

2. Titanium is maximum in the pig iron, 0.053- 
0.059 per cent. Titanium percentages in the sprue 
are uniformly the same at 0.021-0.027 per cent. 

3. Boron in the duplex sprue, 0.0020-0.0022 per 
cent, is higher than in the cold melt irons, 0.0006- 
0.0009 per cent and higher than in the pig iron. 


Percentages of titanium and boron carrying 
through the melting operation and appearing in the 
irons are listed in Table 9. Residual aluminum was 
found to be present but less than 0.01 per cent in all 
heats. Zirconium was not detectable because of spec- 
tral interference in the spectrographic analysis. 

Inspection of Table 9 shows that titanium recov- 
ery in the final iron was dependent entirely on the 
titanium percentage charged. Even though melting 
conditions varied widely from reducing to highly oxi- 
dizing (2.1 per cent Si pickup to 34.2 per cent Si loss). 
The final titanium content was determined by that 
of the charge. Oxidizing melting conditions which 
caused a large silicon loss did not cause oxidation of 
titanium. 

Consideration of the data for boron in Table 9 in- 
dicates conclusions equivalent to those reached for 
titanium. Charging of a higher percentage results in 
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more boron retained in the iron, even under the most 
oxidizing conditions. In a number of instances, the 
final boron analysis reported is higher than that 
charged. The reason for this is not known unless it 
is due to the uncertainties of the boron analysis. 

Boron input is highest in charges containing duplex 
No. 1 or No. 2 sprue which have contents of 0.0020 
to 0.0022 per cent. Hence, all mixtures of these sprue 
with pig iron and steel contain less than this per- 
centage. Thus, it appears that, for the materials used 
in the charges of these heats, a boron addition to 
the melt must be made if boron is desired at the 
level of 0.0022 per cent present in the duplex sprue. 
Otherwise, the boron percentage will go below the 
level present in the cold melt irons and approach that 
of the steel. 

No correlation of residual element percentage to 
any property of malleable iron could be discovered 


TABLE 9 — OXIDATION OF TITANIUM AND BoRON 





Net 
Wt.Ratio 4% Si % % % % 
Pig/Sprue/ Oxida- Sprue Ti Ti B B 





Heat Steel tion Charged Input Final Input Final 
DM 0/62.5/37.5 5.2 C.M.2 0.021 0.021 0.0006 0.0016 
DJ 2.5/60/37.5 5.2 C.M.2 0.021 0.020 0.0007 0.0008 
DF 5.0/57.5/37.5 89 C.M.2 0.022 0.023 0.0007 0.0015 
DH 7.5/55/37.5 6.7 C.M.2 0.023 0.026 0.0007 0.0015 
DI 10/52.5/37.5 3.0 C.M.2 0.023 0.023 0.0007 0.0013 
DK 10/52.5/37.5 4.1 C.M.2 0.023 0.023 0.0007 0.0006 
DL 10/52.5/37.5 4.0 C.M.2 0.023 0.021 0.0007 0.0012 
DN 10/52.5/37.5 $3.1 C.M.2 0.023 0.024 0.0007 0.0011 
DO 10/52.5/37. 3.8 C.M.2 0.023 0.026 0.0007 0.0009 
DP 10/52.5/37.5 184 C.M.2 0.023 0.023 0.0007 <0.0006 
DR 10/52.5/37.5 23.7 C.M.2 0.023 0.021 0.0007 0.0017 
CP 12.5/50/37.5 —2.1 Duplex2 0.021 0.021 0.0013 0.0016 
CX 12.5/50/37.5 13.7 Duplex2 0.021 0.019 0.0013 0.0015 
CV 12.5/50/37.5 17.1 Duplex2 0.021 0.020 0.0013 0.0017 
CY 12.5/50/37.5 34.2 Duplex2 0.021 0.017 0.0013 0.0010 
CU 0/50/50 25.5 Duplex2 0.016 0.016 0.0012 0.0015 
BA 0/100/0 0.0 C.M.1 0.026 0.021 <0.0006 <0.0006 
DA 0/100/0 -09 C.M.1 0.026 0.022 <0.0006 0.0012 


0.023 0.0020 0.0016 
0.020 0.0020 0.0021 


ee 
DD 0/100/0 


0/100/0 0.8 Duplex1 0.024 
—0.8 Duplex1 0.024 
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in these data. Melting conditions appear to exert a 
stronger effect than residual elements. Since the pig 
iron is not easily oxidized, it has the effect of dimin- 
ishing any oxidizing melting conditions that may 
prevail. By contrast, steel in the charge is easily oxi- 
dized and has the effect of augmenting any oxidizing 
melting condition which may exist. These statements 
apply only to residual elements in the range studied 
in these experiments. 


Summary 

Results of the “D” series of heats extend and verify 
the work that has been done earlier in the project. 
Effect of pig iron in the charge has been shown to 
be related to the changes in chemical composition 
that accompany its use and its resistance to oxida- 
tion under oxidizing melting conditions other than 
free oxygen. Mixed charges containing pig iron 
were shown to cause uniformly good first and second 
stage annealability, and produce mottling consistently 
at a lower mottling number. In terms of reaction to 
melting conditions, pig irons are non-oxidizing or 
reducing in nature while steels are oxidizing. Recov- 
ery of residual elements from the pig iron was found 
to be virtually independent of the degree of oxidizing 
or reducing melting conditions prevailing. These con- 
clusions must, of course, be limited to the chemical 
compositions studied. 
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CORROSION OF ALUMINUM DIE CASTINGS 


By 


D. L. Colwell* and R. J. Kissling** 


In evaluating metals for industrial purposes, cor- 
rosion and the corrosion resistance of various non- 
ferrous metals and their alloys, it seems, is given prior 
attention. Ferrous metals have been used for decades 
and for centuries in spite of the fact that they are 
among the worst corrosion-wise. People who would 
not give a second thought to continued painting and 
repainting of a steel structure to protect it from the 
elements will often hesitate to use a magnesium cast- 
ing or aluminum casting or would grumble at the 
necessity for a protective coating on this type ma- 
terial. 

Committee B-3 of the American Society for Testing 
Materials has done a tremendous amount of work on 
the corrosion resistance of various alloys and com- 
binations of alloys under diflerent types of exposure! 
and Committee B-7 has under way an extensive pro- 
gram of atmospheric exposure tests on light metals.? 

Committee B-6 on Die Cast Metals and Alloys has 
also made a large number of exposure and corrosion 
tests on die castings at various outdoor exposure sites. 
One of these tests, started in 1934, compared a com- 
mercial grade of aluminum-silicon alloy, commonly 
known as “smelters ingot”, with a high purity grade 
of the same alloy, and the results after ten years ex- 
posure were summarized in 1950.3 This test has just 
recently been concluded after 20 years exposure and 
the 20-year results (about to be published) confirm 
the conclusion drawn at the end of ten years, that 
“there were no really significant differences among 
the three alloys—.”’ 4 

While accelerated corrosion tests are often mis- 
leading, the authors decided that some relative tests 
on popular die casting alloys would be of interest, 
and that the intermittent salt water immersion test, 
which the authors have used for years, could give 
some comparative values which would at least aid 
in selection of alloys and compositions for service. 








*Director of Laboratories, **Metallurgist, Apex Smelting Co., 
Cleveland, Ohio. 
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‘Testing Conditions 

The tests are made in general accordance with 
ASTM Specification B192-44T, “Alternate Immersion 
Corrosion Test of Non-Ferrous Metals”. The ma- 
chine consists of a number of ten-gallon jars on a 
frame with a mechanical device from which test bars 
or castings are immersed in the solution for 15 sec- 
onds and then suspended over the solution for 15 
minutes. Previous testing of 0.505-in. diameter sand 
and chill cast test bars had continued for a 30-day 
period, but because of the smaller size of the die-cast 
test bars a 15-day period was used in these tests. The 
solution contains 58 grams of commercial sodium 
chloride per liter and 10 cc of 30 per cent hydrogen 
peroxide per liter. The peroxide content is titrated 
daily and the chloride content periodically deter- 
mined, although it is usually necessary to make daily 
additions of hydrogen peroxide only. 

The test bars are carefully degreased and then sus- 
pended on nylon thread so that they are completely 
immersed on the down stroke and just over the solu- 
tion between immersions. Room temperatures are 
subject to a variation of probably plus or minus ten 
degrees but inasmuch as most of the tests were per- 
formed at the same time, any temperature variation 
applied to all. Twenty tensile bars and twenty impact 
bars are used for each test, and only one alloy at a 
time is tested in a jar. After exposure the bars are 
carefully cleaned in nitric acid. A general view of 
the machine with some 0.505-in. bars is shown in 
Fig. 1, and a group of castings before and after testing 
is shown in Fig. 2. The essential data are presented 
in Tables 1, 2, and 3. Heat numbers identify each 
test. 

The standard mechanical properties of tensile 
strength, yield strength, elongation and Charpy impact 
strength are determined after the exposure, and in 
addition the weight loss is measured on both types of 
test bars. It was found that the weight loss is directly 
proportional to the surface area in each case in each 
type bar so that the weight loss values represent the 
ratio of the total loss of weight to the total surface 
of the two types of bar. 


57-49 
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Discussion 

Because of the severe corrosion it was thought that 
perhaps even 15 days was too long a time to differ- 
entiate between compositions, and one series of tests 
was made where one-third of the bars were tested 
at the end of each five-day period. Four alloys were 
tested in this manner, namely, No. 39 (SC84A), No. 
39-11 (SC114A), No. 36 (SGI00A) and No. 43 (S5C). 
The values determined in this test are plotted in 
Fig. 3, and it is apparent that the corrosion relation- 





Fig. 1 (Lett) — Machine for alternate immersion corrosion test 
in NaCl-H2O2 solution. Immersion for 15 sec every 15 min. 


Fig. 2 (Above) — Typical appearance of %-in. die-cast test 
bars of all alloys after corrosion test. Upper pair after 5 days, 
middle pair atter 10 days, lower group of six after 15 days. 


ship between the alloys is the same at the end of each 
period. At each exposure period the poorest resist- 
ance to corrosion is that of No. 36 (SGIO0A), and 
the best is that of No. 43 (S5C). The silicon-copper 
alloys of the No. 39 type are intermediate. 

Inasmuch as No. 39 is the alloy used in about three 
out of four aluminum die castings made today in this 
country, most comparisons reported here were made 
with No. 39. For example, the 30-day properties of 
No. 39 and No. 36 in Table 2 are similar or favor 
No. 39. The averages of five heats of each are as 
follows: 


Alloy ye ® 02%, Y. S., Elong., Charpy Impact, 
ksi ksi % ft-lb 

No. 39 48.1 27.7 3.5 2.8 

No. 36 47.4 29.0 3.6 26 


In Fig. 4-A the mechanical properties and loss in 
weight of No. 39 are compared with the same values 
of No. 36, No. 13 and No. 43, and in Fig. 4-B the 


TABLE 1 — ANALYSES OF TEST BARS FOR CORROSION TESTS 








Alloy ASTM Heat Mg Zn Mn Si Cu Fe In Figs. 
39 SC84A 797 02 85 31 8.88 3.50 98 3,4,5 
39 SC84A 673 .03 87 31 8.80 3.55 76 6 
39 SC84A 680 02 85 33 8.75 3.53 1.21 6 
39 SC84B 679 01 88 35 8.78 3.58 1.61 6 
39 SC84B 670 05 89 37 9.30 3.70 2.05 6 
2393 SC84A 770 = 02 02 8.79 3.38 88 5 
39 SC84A 5225 02 19 45 8.64 3.52 56 7 
39 SC84A 717 02 A7 46 8.61 3.42 58 7 
39 SC84A 718 02 1.01 45 8.76 3.43 - £8 7 
39 SC84A 720 02 1.55 43 8.42 3.38 57 7 
39 SC84A 721 02 1.99 46 8.41 3.45 59 7 
39 SC84A 721+ 02 3.0 46 8.41 3.45 59 7 
39-11 SC114A 746 02 83 37 10.55 3.45 85 6 
39-11 SC114A 733 02 82 40 10.78 3.41 1.23 3,6 
39-11 - 744 03 83 38 10.64 3.37 1.62 6 
13 S12A 695 07 .29 .28 11.75 64 85 6 
13 S12A 698 06 .29 .28 12.48 59 1.25 4,5,6 
13 $12B 694 10 .29 .28 12.28 62 1.64 6 
13 $12B 693 Al 31 27 11.80 60 1.87 6 
2312 S12A 776 ¥ 07 03 13.02 01 90 5 
36 SG100A 799 51 Al 22 9.74 45 95 3,4 
36 SG100A 701 48 36 19 9.04 Al 77 6 
36 SG100A 687 51 42 25 9.38 52 1.20 6 
36 SG100B 686 A7 42 27 9.25 52 1.63 6 
36 SG100B 685 56 42 .27 9.65 52 2.05 6 
43 S5C 781 01 32 22 4.96 54 1.13 3,4 
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TABLE 2 — MECHANICAL PROPERTIES OF TEST Bars — 30 Days SHELF AGED 
Alloy ASTM Heat TS. Ksi 2% YS. Ksi % Elong. Charpy Impact, ft-lb In Figs. 
39 SC84A 797 46.2 26.6 37 4.1 3,4,5 
39 SC84A 673 49.5 27.1 4.0 $.2 6 
39 SC84A 680 48.9 27.3 4.1 2.8 6 
39 SC84B 679 47.7 26.3 3.4 22 6 
39 SC84B 670 48.3 31.3 2.2 1.7 6 
2393 SC84A 770 44.9 25.8 3.7 4.3 5 
39-11 SC1I14A 746 49.8 29.2 2.8 2.5 6 
39-11 SCI1I4A 733 50.9 31.5 3.2 3.4 3,6 
39-11 _ 744 50.9 34.6 1.9 2.1 6 
13 $12A 695 47.1 25.3 5.4 3.2 6 
13 $12A 698 46.6 25.1 4.8 2.8 4,5,6 
13 $12B 694 48.0 26.9 4.0 2.4 6 
13 $12B 693 48.1 28.5 2.8 2.5 6 
2312 S12A 776 416 21.9 5.1 46 5 
36 SG100A 799 46.3 28.3 4.0 4.0 3,4 
36 SG100A 701 47.3 27.2 5.2 3.0 6 
36 SG100A 687 49.0 28.7 4.3 2.1 6 
36 SG100B 686 47.7 29.8 2.8 1.9 6 
36 SG100B 685 46.6 31.0 1.8 1.8 6 
43 S5C 781 $2.5 16.8 11.2 96 3,4 
PS! alias iaiuais changes in the four mechanical properties on the 
50 000 four alloys are shown. Again No. 43 (S5C), a com- 
mercial 5 per cent silicon alloy, has the best resistance 
to corrosion although its original tensile and yield 
40 000 strengths are low. Again No. 36 (SGI00A), has the 
poorest resistance to corrosion and shows lower prop- 
erties after corrosion and a greater loss in every 
30 000 property than does No. 39 (SC84A). 
No. 36 was originally developed as a modification 
of No. 13 by those who were unable to satisfactorily 
20 000 cast No. 13, and the magnesium content was supposed 
to compensate for the comparatively low yield 
%o strength of No. 13.5 
10000 -- Ea cnn 10 Of the two silicon alloys, No. 13 has the lowest 
ELONGATION change in yield strength and the highest residual 
yield strength, whereas No. 43 has the lowest change 
fe) 1 i 4 fe) in elongation and impact and the highest residual 
elongation and impact strength. In weight loss, these 
two are about the same, better than either No. 39 
or No. 36. 
— —— See With the tremendous expansion in facilities for the 
production of pure aluminum, a practice of making 
lo certain aluminum casting alloys directly at the reduc- 
tion plant has developed. No. 13 and No. 39 particu- 
larly have been sold in pigs made from the cell metal 
at i and known as No. 2312 and No. 2393 respectively. 
These pot metals usually are lower in the ordinary 
a minor elements as indicated in Table 1, and, thus, 
0 . : . , their castability is poorer than the smelters ingot. 
They often contain traces of cell feed which ag- 
gravate soldering difficulties and, furthermore, lack 
MG/CM?2 WEIGHT LOSS the homogeneity given by repeated remeltings. Cur- 
80 - rently they are also more expensive. It was considered 
interesting, however, to see how their corrosion re- 
- sistance would compare with that of the smelters 
ah ingot of the same alloy. 
This comparison is shown in Fig. 5, the actual 
q values before and after testing in 5A and the per- 
oy P ‘ - centage losses in 5B. In tensile strength and elonga- 
fe) 5 10 1S DAYS tion the No. 2393 and No. 2312 showed slightly less 


Fig. 3 — Eftect of 5, 10, and 15 days corrosion on four stand- 
ard die-casting alloys. 


effect of corrosion, but there was no significant dif- 
ference in yield strengths, than their smelters coun- 
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TABLE 3 — PROPERTIES AFTER FIFTEEN Days CORROSION BY ALTERNATE IMMERSION 
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Charpy Mg/Cm2 
Alloy ASTM Heat TS. Ksi 2% YS. Ksi % Elong: ft-lb Wt. Loss In Figs. 
39 SC84A 797 26.1 19.1 1.5 14 69.4 $,4,5 
39 SC84A 673 29.0 21.0 1.2 1.2 33.3 6 
89 SC84A 680 28.6 22.3 12 1.1 35.2 6 
39 SC84B 679 27.0 21.8 1.0 0.8 38.5 6 
39 SC84B 670 25.4 22.6 0.5 0.7 53.6 6 
2393 SC84A 770 30.9 19.5 2.1 15 67.3 5 
39-11 SC1I4A 746 27.4 22.2 1.0 0.9 43.3 6 
39-11 SCII4A 733 28.1 22.5 1.0 0.9 51.9 3,6 
39-11 _ 744 31.5 22.7 1.0 0.6 51.7 6 
13 S12A 695 29.3 21.1 1.9 18 34.8 6 
13 S12A 698 25.8 21.3 0.9 0.8 40.4 4,5,6 
13 $12B 694 27.1 21.0 1.1 10 36.8 6 
13 $12B 693 27.6 20.9 1.0 1.3 42.6 6 
2312 S12A 776 33.0 19.8 2.1 16 16.1 5 
36 SGIO0A 799 24.8 18.5 0.8 1.0 77.2 3,4 
36 SGI100A 701 27.3 20.7 15 12 42.4 6 
36 SG100A 687 22.0 18.8 0.6 0.8 62.9 6 
36 SG100B 686 22.1 20.0 0.5 0.7 66.0 6 
36 SG100B 685 22.7 20.5 0.5 0.5 71.0 6 
43 S5u 781 26.1 13.4 7.4 6.7 44.3 3,4 
PS! % 
x 50000 50 
Psi 
a 8 TENSILE 
TENS! 0" 
LE ALLOY 39 
HEAT 770797 776 698 
PSI 
30000 F- 
Psi L x @ YIELD 
30000 30+ 3 
= 5 Oo 
® YIELD 4 
° oO y | x 
4r 80 
% L % L — 
os 108 x ELONGATION 
4 L 
T ELONGATION 0 o| 
° % 
80 
FT LBS % 
100+ CHARPY IMPACT 
CHARPY IMPACT [_ ° 
oL. MG/CM4 
80 - 
80 > 
owe a WEIGHT LOSS 
WEIGHT LOSS a 
0 
° A B 
A B Fig. 5 — Ettect of 15 days corrosion on No. 39 and No, 13. 


Fig. 4— Effect of 15 days corrosion on mechanical properties 

and weights of four standard die-casting alloys. (A) Betore 

(open bars) and after (solid bars) 15 days corrosion. (B) Per 
cent loss in properties after 15 days corrosion. 


Heats 770 and 776 are Pot Metal Grade, Heats 797 and 698 

are Smelters Grade. (A) Betore (open bars) and after (solid 

bars) 15 days corrosion. (B) Per cent loss in properties after 
15 days corrosion. 
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Fig. 6 — Per cent losses in mechanical properties and actual 

weight losses with varying iron contents in No. 39, No. 36, No. 

13, and No. 39-11 after 15 days corrosion. No. 36 has greatest 
losses. 


terparts. It seems significant that in impact strength, 
where high purity should be expected to show higher 
values, and also in loss in weight, the two grades of 
No. 39 were about equal in corrosion resistance. In 
view of the poor showing of No. 36 it was considered 
desirable to make the same comparison between No. 
36 and No. A360, but because of the poor castability 
of No. A360, satisfactory test bars could not be ob- 
tained. 

In the determination of mechanical properties of 
the aluminum alloys specified by ASTM, coopera- 
tive testing is being conducted on each alloy with four 
iron contents, 0.8 per cent, 1.2 per cent, 1.6 per cent 
and 2.0 per cent. Testing of these compositions in 
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intermittent corrosion gave an excellent opportunity 
to see some indications of the effect of iron on their 
corrosion resistance of the various alloys. Corrosion 
tests were made, therefore, on No. 39, No. 36, No. 13 
and No. 39-11 each with the four iron contents (ex- 
cept that No. 39-11 was not made with 2.0 per ceni 
iron). The percentage losses in mechanical properties 
and weight are plotted against iron content in Fig. 6. 
and it will be noted that the corrosion resistance of 
these alloys is not appreciably nor consistently af- 
fected by the iron content. Also that No. 36 shows 
the highest loss in almost every property shown, par- 
ticularly in loss of tensile strength and in loss of 
weight. No. 39 and No. 13 with an iron content of 
approximately | per cent show the lower losses due to 
corrosion. 

The effect of zinc on these alloys has been given 
careful study in the Apex Research Laboratories for 
more than a decade. The evidence is strongly in favor 
of the improvement in many properties with added 
zinc and also that corrosion resistance is not af- 
fected either favorably or unfavorably by zinc up to 
2 or 21% per cent.6 Committee B-6 of the ASTM has 
an outdoor exposure test under way on No. 39 alloy 
with zinc contents ranging from 0.25 per cent to al- 
most 3 per cent and the results after the first three 
years of test show that the effects of corrosion on all 
zinc contents were almost identical.7 In this test, 
bars of each of the four zinc contents were made by 
three producers and exposed at New York and at Kure 
Beach, N.C., the latter at two sites, one 80 feet from 
the ocean and one 800 feet from the ocean. The 
mechanical properties after three years are plotted 
against the zinc contents in Fig. 7.7 It is evident 
again that under these severe exposure and corrosion 
conditions there has been a consistent corrosion re- 
sistance independent of zinc content. 


Conclusions 


It is believed that the following tentative conclu- 
sions can be drawn from this series of tests, although 
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Fig. 7 — Properties of No. 39 with increasing zinc contents 
after three-year outdoor exposure at three sites (A few bars 
were lost in Hurricane Hazel and KB80 curves are incomplete). 
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it should again be emphasized that any corrosion 
test is a measure only of that particular corrosion con- 
dition and does not necessarily carry over into all 
types of corrosion. 

1. The silicon alloys such as No. 43 (S5C) and No. 
i3 (S12A) have superior corrosion resistance and 
the silicon-magnesium alloy No. 36 (SGIO00A) has 
inferior corrosion resistance. The common die-casting 
alloy No. 39 (SC84A) has intermediate corrosion re- 
sistance. 

2. The corrosion resistance of die castings made 
from a reputable smelters ingot is similar to that of 
die castings made from the pot metal directly from 
the reduction cell. The effect of corrosion on No. 39 
was about the same as that of No. 2393, and No. 
2312 was generally more resistant than No. 13. The 
effects as measured by drop in impact strength for 
both alloys in both grades were equivalent. 

3. Iron beyond the 1.3 per cent maximum now 
permitted for the cold-chamber machine should be 
avoided for the best corrosion resistance, particularly 
in No. 36 (SGIO0A) . 

4. Zinc up to 2 or 2% per cent has no harmful 
effect on corrosion resistance. This was borne out 
both by this severe test and by the severe corrosion 
in outdoor exposure at a sea shore location. 
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5. The best resistance to corrosion, as far as regular 
die-casting alloys are concerned, is found with the 
straight silicon alloys such as No. 43 (S5C) and No. 
13 (S12A). No. 43 (S5C) has superior ductility, but 
low yield strength. The higher silicon content, how- 
ever, of No. 39-11 (SGI14A) over No. 39 (SC84A) 
does not improve corrosion resistance, even though 
the higher silicon is desirable for castability. 
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QUALITY CONTROL IN A SMALL FOUNDRY 


By 


Jules J. Henry* 


ABSTRACT 
Differences in quality control programs of large and 
small foundries are shown and reasons for the need of 
quality control are given. Methods of quality control 
that are more useful for small foundries are described 
and explained. Specific examples are presented where 
statistical quality control can be used in small foundries. 
Quality control has been talked about as though it 
was something new, but useful only to large com- 
panies that can afford a quality control department. 
Quality control is neither new nor restricted to large 
companies. Every company must have a quality con- 
trol program of some kind if it is to stay in business. 
The name may be different; in fact, many com- 
panies might even say that they do not have a 
quality control program at all. But all do have some 
sort of scrap control, or inspection department, or 
customer service department, or perhaps control of 
quality is just part of the foreman’s duties. So, no mat- 
ter what it is called, every company does have a 
method for controlling the quality of its product— 
that is, a quality control program. There are three 
main reasons why we need to control the quality of 
our castings: 


1. To make castings to the cutomer’s specifications. 

(a) Metallurgically — hardness, strength, chemis- 
try. 

(b) Dimensionally — size and weight. 

(c) Appearance — surface finish, cleanliness. 

(d) Special procedures — painting or oiling, 
targeting, etc. 

- Reduce the amount of scrap or rework. 

. To make. castings economically. Quality alone 
is not enough in today’s competitive market; 
we must also be able to sell the castings. It is 
possible to make almost perfect castings that 
would pass any specification desired by the cus- 
tomer but the cost might be prohibitive. Quality 
control can assist in reducing cost and can be 
used to help develop reasonable specifications. 


*Product Development Director, Missouri Steel Castings Co., 
Joplin, Mo.; Formerly Director of Quality Control, Lavelle 
Foundries, Inc., Warsaw Ind. and Forest City Foundries Co. 
Cleveland. 
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Kind of Quality Control Programs 


The problem is how to accomplish those three 
objectives of quality control. Some large businesses 
have quality control departments that include inspec- 
tion, customer service, and perhaps even engineer- 
ing. This type of quality control program is generally 
on a staff level and consists of specialists whose 
function it is to study certain operations or processes 
and to suggest improvements or corrections. Usually 
in this type of program, the interpretation and ap- 
plication of the data obtained is done by other 
specialists. It is in this type of quality control program 
that statistics are used very extensively, and charts, 
that look very technical and are much beyond the 
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Fig. 1 — Statistical quality control chart. 
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CONTROL LIMTS FOR P CHARTS 


( SOLVING 3\Eu-B ) 
DIRECTIONS 
Connect sample size mn with fraction defective B and read av Buh) on lower scale. 


Add and subtract this value from 6 to obtain upper and lower control limits. 


259 30 












150, 
100 

a 

~~ a, 

/ = 

» a 

is 

a 

+ + + + 
{- 008 FRACTION Lior 
v 

a ae 
"a 





EXAMPLE: IF N=50, P=.028,DRAW A ; a é 5 
LINE FROM 50 TO .028 AS SHOWN BY Fig. 3 — Quality control chart in use at operator’s station. 
BROKEN LINE,READ ANSWER: .069 


UG.L=028 + .069+097 Pe P Te MBE S ad ,/F54 / 


L.C.L.= .028 -.069=0. (L.C.L. IS NEVER NEGATIVE) 
babikss 


Fig. 2 — Statistical quality control chart. 
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Fig. 4— Line graph of chemical analyses. Fig. 5 — Line graph of chemical analyses. 
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scope of ordinary foundrymen, .are used. Figures 1 
and 2 are examples of such charts.1. 2 

Another type of quality control program will be 
centered in the inspection department. In this type of 
program, control of quality is achieved by inspection 
of the castings after they are made, and emphasis 
seems to be on the use of statistics to reduce the 
amount of inspection. Sampling plans, fraction de- 
fective tolerance, acceptable quality level, and operat- 
ing characteristics are a few of the statistical tech- 
niques used in this method of evaluating quality. 

A third type of quality control program can be 
found in high production foundries, particularly the 
automotive industries. This type concentrates on pro- 
cess control and is typified by control charts at each 
operator’s station, process capability studies, analysis 
of variation, per cent defective chart, and many 
other good statistical techniques. Figure 3 is a picture 
showing the use of control charts right at the opera- 
tor’s station. The coremaker can see how well he is 
doing and what his quality level is. It is from this 
type of quality control program that the small 
foundry can get many useful ideas and techniques. 


Quality Control Program for Small Foundries 


While the small foundry cannot afford to spend 
as much time and effort on individual problems, 
it can use the statistical techniques and charting to 
control some of the basic operations of its business. 
Large foundries use statistics to study individual prob- 
lems; for example, scabbing in a particular casting, 
per cent scrap at each molding station, or number of 
sagged cores. Small foundries might find such methods 
too costly, or may be deficient in the number of 
castings required to check individual problems. Some 
of the basic operations that could be studied by 
small foundries, with the help of statistical quality 
control, might be sand control, metal control, total 
scrap, departmental costs and other areas where 
there is considerable repetition of data. 

One of these basic operations in every foundry 
is melting of metal. No matter how small the foundry, 
it can realize some benefits by having an accurate 
and up-to-date heat log record. From this record, 
charts or graphs can be prepared with very little 
effort to show the results being obtained. One of 
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Fig. 6 — Line graph of sand properties. 
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Fig. 7 — Bar graph of chemical analyses. 


the simplest graphs that can be made from the heat 
log is a line chart of chemical analysis shown in 
Fig. 4. This is a picture story of how your melting 
unit is behaving. Having this type of graph where 
everyone can see it will make the melting department 
more aware of the amount of variation they are 
getting. Figure 5 shows the improvement that was 
found after the line graphs were displayed for a year. 
Figure 6 is an illustration of a line graph used to 
show the variation in sand properties. This type of 
chart is much easier to read and to interpret than 
a row of numbers in a table. 

Another type of graph that can be obtained from 
the heat log is the bar graph of chemical analysis 
shown in Fig. 7. This graph shows quite readily just 
how much variation from the desired analysis the unit 
was having. 

Figure 8 is a variation of a line graph and was 
used to study the effect on chemical analysis when 
controlling the amount of outside purchased scrap 
used in a cupola charge. These types of graphs can 
be used to good advantage on many basic processes, 
such as per cent moisture in the molding sand or 
core sand, strength of the sand, mold hardness, temp- 
erature of the metal; in fact, almost any facet of 
the business will lend itself to graphs and charting. 

With a little extra effort, a standard X and R 
chart using statistical quality control methods, can be 
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Fa, Laat Gi fasea 


~ - 


ha oe  e i bee ae ae) 














J.J. HENRY 
Fer-Gent Silicon tune 1/950 
Averages, 
240 
cis ae erin ase Me stam hE & 
~ Centar ee ei ee ee 
Ci ee ee aa 
¢ ; . 
SN as on eat ge io nee neces ec ede de eel 
Franges 
ene ee eee 
Ai ; ‘ 
jo - *- pr 
: 0 ee ae 





, ae Pc —— 
-.* ™ *. . 
/0 
Oe ee ee ee nae, 
00 SL PISEJ OB ZAMGEARPUURMMBIIEBAI 


“are 


Fig. 9 — Quality control chart on Si analysis. 


made of any basic process. Figures 9 to 11 show 
some of these quality control charts for control of 
carbon, silicon, and moisture in the sand. X and R 
charts are developments of statistical quality control 
and are based on the probability curve. Briefly, these 
charts will show whether the variation is due to 
chance or to some assignable cause. It is not the 
purpose of this paper to explain statistical quality 
control, but, rather, to illustrate where some of its 
techniques can be used in a small foundry. Many 
times just a simple tabulation of results will uncover 
the cause of defects. Figure 12 shows the results 
obtained when one day’s scrap was tabulated. This 
casting was running as high as 22 per cent scrap— 
mostly misruns or cold shuts and all blamed on cold 
iron. This analysis pointed out that the defect seemed 
most prevalent in a few places rather than all over 
the casting as reported. Increasing the thickness of 
these sections and changing the core very markedly 
reduced the scrap to less than 10 per cent. 


Additional Steps Necessary 
The most important point about any quality con- 
trol program, whether it is in a large or small 
foundry, is what is done after the charts or graphs 
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Fig. 11 — Quality control chart on moisture in molding sand. 
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Fig. 10 — Quality control chart on Si analysis. 


are made. It will do no good to make charts and 
graphs if no one looks at them, nor will it do any 
good to make charts and graphs if no action is taken 
when they show that the process is drifting out of 
control. Someone must take corrective action when 
the charts show an assignable cause for variation. 
In many cases, just having the charts and graphs 
out in the open where everyone can see them will 
get some benefits. Most workers take pride in their 
work and want to see how well they are doing. If the 
supervisor will look at the charts, the operators will 
soon try to improve their performance. 

Another method of getting results from statistical 
methods is to pay an extra “quality bonus” for keep- 
ing the process in control. One method for doing 
this is to find the number of times out-of-limits that 
can be reasonably expected, and then pay a bonus 
for better operation. An example of this method was 
used in weighing the cupola charge in a gray iron 
foundry. Past records were examined to show the 
number of times that the scale weights were outside 
of arbitrary limits for each component of the charge. 
A quality bonus was then set up on the following 
table: 


Location of Coo SwuTs + Misruns 
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Fig. 12 — Tabulation of position of defects. 
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Number 

Out-of-Limits Over 12 10 to 12 709 4to6 0 to 3 
Bonus None $1 $2 $3 $4 


In this particular case an X and R chart was used 
to check the results. Three times a day the scale tapes 
were examined and the five previous readings were 
used to find the average and range, which were then 
plotted on a chart posted right at the scale. At the 
end of the week the number of times out-of-limits 
were counted and the bonus was paid accordingly. 
This method was also used in connection with sand 
control. A table for a “quality bonus” was set up 
by studying the past performance of the muller opera- 
tor. It was found that moisture and green strength 
tests were running out of the desired limits 22 per 
cent of the time. After the bonus was set up, the 
number of out-of-limit tests slowly dropped to 14 
per cent 

Summary 

These are just a few of the charts and graphs 
that can be used in a small foundry with a minimum 
of time and effort. The important thing to remem- 
ber is that charts and graphs themselves will not 
control quality—what is done about the facts pre- 
sented by the charts will determine how effective the 
quality control program will be. 

All foundries, whether large or small, should make 
every effort to encourage the use of castings, and the 
control of quality will promote the confidence of 
industry in the ability of foundries to produce de- 
pendable engineered products. An effective quality 
control program can also serve to inspire sales con- 
fidence in the ability of castings to compete success- 
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fully with other manufacturing methods. It should be 
remembered, however, that quality control is but one 
phase in the field of service to industry. Other phases 
in this field include assistance in design, develop- 
ment of new uses, and demonstration of the ad- 
vantages of castings. It is extremely important for 
small foundries, as well as large ones, to control the 
quality of their product since sub-quality perform- 
ance by any foundry can reflect on the reputation 
and progress of the entire casting industry. 

The main points of emphasis in this paper are as 
follows: 


1. All foundries regardless of size do have some 
sort of quality control program. 
2. Quality control is necessary to: 
(a) meet the customer’s specifications, 
(b) reduce scrap and rework, 
(c) make castings economically. 


3. A quality control program for small foundries 
must have a different emphasis than large 
foundries. This emphasis is on basic operations 
rather than on individual problems. 


4. Statistical quality control can be use to advan- 
tage even in the smallest foundry where there 


is any repetitive data. 
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USE OF MEMOMOTION IN SETTING 
FOUNDRY STANDARDS 


By 


L. L. Randolph* 


The motion picture camera and a timing device 
for the purpose of job method analysis was first 
used by Drs. Frank and Lillian Gilbreth. Their tech- 
nique was described as micromotion study and was 
used for the purpose of analyzing workers’ activity. 
This method is still used where great detail of a 
short-cycle operation is desired. It is generally ac- 
cepted that when micromotion films are made, a 
timing device is included in the picture; however, 
when the camera is used to film operations that 
cover a greater area than can be covered by a regular 
camera lens and the area of activity changes, it be- 
comes increasingly difficult to obtain pictures that 
will always have the timer shown. 

The motion picture film provides more detail of 
the activities of either men or machines than the 
conventional stop watch and pencil method and, 
in addition, furnishes a permanent record which may 
be reviewed by management or union representatives. 
It has been found that in most cases this tends to 
reduce, in many cases eliminate, grievances where 
standards are involved. 

In the Foundry Industry, many of our operations 
involve long, irregular cycles and crew activities over 
a large work area. Because of this and certain other 
circumstances explained later in the paper, we were 
desirous of establishing some standards in such a man- 
ner that they could be used as continual reference 
points. This started us to investigate the use of motion 
picture films. 

The purpose of this paper is to explain in some 
detail why we took the motion pictures, how we 
took them, how we analyzed them, and generally 
what we think of the procedure. 

It would be well, as a matter of background infor- 
mation, to acquaint the reader with the unit which 
was to be studied, and the overall happenings which 
lead up to the motion picture study. 

For many years the production of side frame molds 
in the author’s plant has been accomplished on 
sand-slinger units. The direct workers on this unit 


*American Steel Foundries, Granite City, Ill. 
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are confined within a work area approximately 75 
feet square. It is manned by 23 or 24 men, depend- 
ing on the type, size and special features of the 
side frame being produced. As a matter of informa- 
tion, the gang is composed of: 


2 Sand slinger operators 

5 Sand slinger helpers 

8 Finishers 

1 Finisher helper 

2 Green sand coremakers 

2 Green sand coremaker helpers 
1 Mold closer 

2 Mold closer helpers 


"23 Total 


This unit has been on a piece-work basis for many 
years. Rates were established by time-study methods 
in use at that time, which consisted of intensive 
“on the job” work designed primarily to obtain a 
well balanced work load throughout the line. Rec- 
ords were not maintained as well as they are today. 
Management of the author's plant considered these 
standards fair and equitable to both the men on the 
unit and to the company. We did not feel that the 
results obtained would justify the cost of time-study- 
ing the unit. In addition, we were obligated by 
contract to hold the present rates unless there was 
a change in methods, material, equipment or process. 

This then brings us up to the day that the union 
presented the company with a grievance on all rates 
in this department. The time-study department was 
confident of the standard and welcomed the oppor- 
tunity to study this unit. Agreement was quickly 
reached in an early stage that we would set standards 
in the foundry by recognized time-study principles. 
Since it was anticipated that this would be a rather 
lengthy program, it was agreed that if the standards 
were loose, the new standards would go into effect 
when determined, and if the standards were tight, 
the new standards would be retroactive to the date 
of the grievance. 

During this period, we were able to thoroughly 
analyze the whole problem and discuss the pros and 
cons of various methods of arriving at the final 
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and desired results. Basically, we were interested in 
the best way of doing the work while giving full con- 
sideration to the cost. As a result of these discus- 
sions, a number of important points were listed which 
had to be solved by the approach which we chose. 
Most important among these were: 

1. There were 23 men to cover. They represented 
a closely co-ordinated group of men. Each had a 
definite amount of work to do on every mold and 
it was necessary that we have this recorded accurately 
so that it could be reconstructed. This, of course, is 
not too difficult to do by direct time-study observa- 
tion, but it would be a long drawn out procedure 
in the shop with an equal or greater time required 
for recapping and charting in the office. 

2. We had a group of reasonably well qualified 
time-study men, but they had never worked in the 
molding department. Unless we were to set up the 
break off points for each element of each job, we 
would be faced with almost as many elemental break- 
downs on each job as we had time-study observers. 
Only the man which took the study would be able to 
recap his own study, and you would have each man 
feeling that his figures were correct—and rightly so, 
in view of the fact that he was the only man at that 
point at that time. This indicated that we would 
have a difficult time constructing a typical cycle. 

3. It was of paramount importance that we be in 
an indisputable position as to what occurred, and how 
the standard was established if we were to be success- 
ful in selling the rate to the men, or making it stick 
in arbitration in the event the present standard was 
found to be loose—and any other thought did not 
enter our minds. Any statement by a member of the 
unit relative to doing or not doing any certain thing 
could be argued only from the standpoint of the 
written record, and as you know, many workers still 
believe the time-study man records only what he 

- wants to record. 

4. We needed good reconstructable material which 
could be used for shifting work loads so as to realize 
a more nearly balanced work load for each man in 
the event this became an obvious necessity. 

The discussion of these items involved some rather 
lengthy meetings with the various members of the 
author’s plant management. 


Eventually, it became obvious that the answer to 
most of our problems listed above: would be in taking 
a motion picture of the operation. 

Other plants of our company had had some mo- 
tion picture work done by Dr. Marvin E. Mundel, 
and we were familiar with his technique of memo- 
motion pictures, or simply one frame per second pic- 
tures. We subsequently contacted Dr. Mundel, and 
made arrangements for him to visit our plant, look 
over the unit and discuss his recommendations of 
covering the men involved with motion pictures. 

It was then decided that we would try the memo- 
motion technique as proposed by Dr. Mundel. 

Prior to the taking of the motion pictures, we 
called a meeting with the local union officers, the 
committeeman from the molding department, and 
the international union representative. We explained 
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to them exactly what our plans were and how we 
expected to take the movies. We had Dr. Mundel at 
this meeting and gave everyone an opportunity to ask 
any and all questions thay had relative to the opera- 
tion. 

Because of the area involved, and the number of 
men to be recorded, it was suggested we buy white 
basketball jerseys with numbers on both the back 
and front of the jersey. 

The actual filming date was finally set and we 
notified all concerned. Dr. Mundel arrived with 
camera and a layout of the floor which he had 
obtained from us on his original visit, showing the 
exact locations where the camera was to be placed for 
each shot. We distributed the numbered jerseys to all 
of the men on the unit and set up the camera to shoot 
the first group of men, which was the sand slinger 
operators and helpers. 


Filming of the Molding Operation 


Briefly, here is what we have. A camera that will 
record for future reference all the actions of any 
individual who happens in front of the lens. This 
gives us the time to do each operation or element, 
but we must determine, according to our own stand- 
ards, what work pace that represents. Also, the cam- 
era must by nature of the operation be far enough 
away from the work so that it can not distinguishably 
record hand operations with chaplets, nails, etc., par- 
ticularly when these operations are down in the mold. 
It was, therefore, necessary that we have a time-study 
man make an elemental breakdown of one cycle plus 
any foreign elements which occurred later on each 
man, and record an overall pace determination for 
his individual period of observation. 

By utilizing all available personnel, we were able 
to have ten qualified time-study men on the job. The 
camera would record the operation at one frame per 
second so that one 100-ft roll would last approxi- 
mately one hour. At regular speed, a 100-ft roll runs 
approximately four minutes. 

The first group to be studied was the two sand 
slinger operators and five sand slinger helpers. This 
is a total of seven men. One time-study man was as- 
signed to each of these men. For the first 30 minutes 
of the film, it was the responsibility of each of these 
time-study men to set down the work elements of the 
man to which he was assigned. All watches had been 
synchronized, and he recorded the start and stop time 
of the 30 minutes. Also, during this time, he made 
an overall pace determination of the worker. One 
man was assigned to the camera with Dr. Mundel, 
and it was his responsibility to record the starting 
time of each phase of the operation. At the end of 
the first 30 minutes a whistle, which could be heard 
above the noise of the unit, was blown and a white 
card flashed in front of the camera at the same 
moment. 

When the whistle sounded, each time-study man 
moved to a new worker. This shift was made in a 
predetermined manner, and each man left his board 
showing the elemental breakdown with the relieving 
time-study man and received a board from the man 
he was relieving. Each time-study man carried his 
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siieet showing his pace ratings with him. In this man- 
ner, no other time-study man saw his performance 
ratings and, therefore, was not influenced in the favor 
of consistency. The responsibility of the time-study 
man in this second position and all following posi- 
tions was to check the elemental breakdown as re- 
corded by the first time-study man at that work sta- 
tion and add any foreign or additional elements per- 
formed during the time of his observation. He again 
made an overall pace determination which he re- 
corded on his own personal sheet as well as the start 
and stop time at that position. 


This procedure of the whistle, card flashing and 
the time-study man shifting was continued until each 
time-study man was back to his original position. The 
shifts were made every five minutes on this particular 
film. This adds up to 30 plus 6 x 5 = 30 for a total 
of 60 minutes. The remaining film was usually run 
at 1000 frames per minute. 


All of the time-study men were then back to the 
worker for which they had recorded elemental break- 
down. A new film was inserted in the camera and 
run at 1000 frames per minute. This required about 
four minutes during which the time-study man again 
recorded a pace determination. This roll of film was 
taken to record the exact working pace of the men 
on the unit. 


It should be pointed out to anyone who might be 
considering this technique the importance of accurate- 
ly recording the time interval which the individual 
performance ratings cover so that they can be cor- 
rectly applied to the film during analysis. 


By this method you can see that we had pace de- 
terminations on every worker by seven different time- 
study men. This gives you a good chance of getting 
a fairly representative figure. In some cases, where 
there were only five workers in the film, we had pace 
determination by ten time-study men. 


After this portion of the unit was completed, we 
moved the camera and time-study men to a new work 
group and the procedure was repeated. 


At this point during presentation of the paper the 
author showed a memomotion film at regular projec- 
tor speed of the seven men which made up the sand 
slinger group. Two of these men are sand slinger 
operators (Jersey Nos. 1 and 2) and five of them are 
sand slinger helpers (Jersey Nos. 3, 4, 5, 6 and 7). 
If, by chance, any of you have not seen such films 
projected at regular speed, you would be somewhat 
surprised. The men would be moving at the ratio of 
60 to 1000, or approximately 17 times their actual 
pace during the taking of the film. The author also 
showed a film of the same group which was taken 
at 1000 frames per minute. This represents the actual 
speed of the men during the study. 


Then by the use of two screens, the author showed 
slides of the forms used in recapping the films and 
showed the group exactly how the readings of each 
element were taken off the film. This was done for 
several elements of one cycle on the drag slinger 
operator. 
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Comments were made during the showing of the 
films and slides. The actual method of removing in- 
formation from. the film was discussed and several 
elements were followed through the analysis 
procedure. 


As shown in the films, the author analyzes the 
films the same as a regular time study as far as 
the elements are concerned. The advantage though is 
that more than one operator can be filmed at one 
time and the only limit is the camera range. The 
activities of any one of the operators is analyzed 
and instead of watch readings as an element, we 
have counter readings or frames which come directly 
from the counter on the projector. This film can be 
analyzed in as much detail as desired and furnishes 
a permanent record of the exact method used by the 
operator. 

The results of this particular study was an in- 
crease of 4.3 per cent in production. Other memo- 
motion studies have resulted in increases in standards 
of as high as 10 per cent. There have been a few 
studies resulting in decreases in production. Overall, 
our results have been very gratifying. 


We took our first memomotion films about three 
years ago and to date we have taken some 37,000 
feet of film. The major portion of our film work 
has been done in our molding department; how- 
ever, we plan to use the camera extensively in other 
departments. This experience leads us to make the 
following comments regarding the advantages and 
disadvantages of memomotion work. 


Advantages: 
1. Ability to film long, irregular cycles. 


2. Ability to film large groups of men at the same 
time thus overcoming the situation of taking dif- 
ferent men of the same group at different times dur- 
ing the day or week. 


3. A permanent record in such detail for each 
worker that method analysis can be made at a later 
date as desired. 


Disadvantages: 

1. Too much time involved in the recap and 
analysis of large gangs because only one or two 
men can operate the projector at the same time. 

The equipment that was used to obtain the films 
that were just shown is a 16mm Gine-Kodak Special 
II equipped with a 1.5 wide angle lens. The film 
magazine uses 100-foot rolls of 16mm _ film—however, 
a magazine may be obtained for this camera that 
will use a 200-foot roll. When taking pictures at 
the rate of 100 frames per minute, which is our cur- 
rent practice, a 100-foot roll will last 40 minutes. 
This amount of time is generally adequate to give us 
coverage in any one position on the molding floor 
and, as mentioned before, it is our feeling that the 
savings in recap time is worth the additional film 
invested when compared to using 60 frames per 
minute. The first tripod or camera stand we pur- 
chased was too light for our equipment so now we 
have an aluminum floating power tripod which has 
proved to be very satisfactory. Our camera is equipped 
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with the regular spring drive mechanism; however, 
during the-memomotion filming, we use a \%» hp 
motor operating a gear reducing train. This equip- 
ment was obtained through Dr. Mundel of Marquette 
University. 

Our projector is a regular time and motion study 
projector made by Bell and Howell. Information on 
this projector can usually be obtained from any 
photographic sales company. 

We have the equipment for making film titles; 
however this is usually done in the office after the 
actual memomotion film has been made. The titles, 
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of course, can be made during the actual filming if 
desired. 

Another field where the camera would have good 
use in our opinion is that of sampling or time- 
lapse photography and the time lapse could be at 
any interval desired. 

We at American Steel are very well satisfied with 
our camera studies and the results we have been 
able to obtain through the use of this equipment. 
We feel that it is one of the greatest progressive 
steps ever made in our industrial engineering de- 
partment. 
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ADMINISTRATIVE ENGINEERING APPLICATIONS 
OF STATISTICAL METHODS 


By 
J. L. Dolby* 

With the ever-increasing importance of the engi- differing proportion. Moreover, even if we restrict 
neering function in modern business we must recog- ourselves to the efforts of the technical engineers, 
nize the problem of administration in the engineering we did not know whether the people in advanced 
area. In general we can specify our goals for the year design, product engineering, or in manufacturing en- 
in terms of product design changes and the like. gineering were primarily responsible for these con- 
However, there is an immense problem involved in tracts. Of course, we could check individually as to 
determining the amount of engineering effort that who had requested each purchase order, but this did 
should be applied to achieve these goals. Further- not necessarily mean that it was this activity that had 
more, if the activity is to be administered properly really initiated the need. Finally, there was a definite 
this engineering effort must be allocated quite spe- problem in establishing the time lag between the en- 
cifically. gineering’ effort and request for materials or service. 

An engineer is not a Renaissance man, but rather To solve this problem the administrative engineer- 
a highly trained specialist. Moreover, compared to ing group collected a sizeable amount of statistics on 
the demand, he is a rare individual. Therefore, in engineering activity and purchase order activity by 
making out an engineering program, we cannot set months and by type of activity. At the start of this 
an overall budget of 25 engineers to achieve a partic- study we had approximately 16 months of data avail- 
ular purpose without also indicating how many of able. We were interested in predicting a single figure 
these engineers should be heat transfer specialists, —the total amount of purchase orders for direct ma- 
electronic specialists, and the like. terials and services. We had available breakdowns for 

In practice, these problems are met by a succession 30 sets of statistics measuring the various engineering 
of judgment decisions. Our problem was to try and activities. We assumed at the start that the time lag 
reduce the number of judgment decisions by mechan- would be up to six months. We had then over 200 
ical means so that the manpower available for this possible series any several of which might provide a 
work could concentrate their efforts on the more reasonable predicting device for forecasting require- 
difficult problems. ments and purchase orders. 

Our major experience in this area was in one of Therefore, we are faced with a searching problem. 
the operating departments of the General Electric It was obviously impossible to include all 200 order 
Co., whose major activity at this time is research and variables in an equation when we had only 16 ob- 
development. Engineering budgets are made up by servations to estimate the unknown parameters of 
the engineering administration function. In general this equation. As a result we searched the data sys- 
these overall figures of number of technical engineers tematically, trying first the simple correlation of each 
required have been reasonably accurate. However, of the 200 order possibilities, and then repeated this 
there was a definite problem in determining the search including the ones of the best two or three 
amount of direct materials purchased to maintain from the first search. 
his activity. In general, we can sate that the larger This procedure was repented several mes and the 
chase orders and the greater the dollar amount of A SS ees . aes we chummy Bat 
these purchase orders to clean up the data. The basic data on purchase or- 

. — ders were collected for other purposes, and were sub- 

REROer, HUTS WHS Ret. f pee hnewiadgy af ject to an accrual system whereby a better portion of 
whether thse was salely Gecermmnes ty sockecal aw several months’ activities would occur in a particular 
gineers, laboratory assistants, or drafting people in month. We hoped to smooth this out at first by using 
six-month moving averages. However, we found that 

*General Engineering Laboratory, General Electric Co., Sche- this was not sufficiently accurate, and we returned to 
nectady, N. Y. our source data to obtain better estimates. 
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Other similar problems were nandled in somewhat 
the same manner. At length we had obtained an 
equation that was fairly accurate over the period 
studied. It turned out that the advanced design group 
seemed to have the greatest impact on the bulk of 
purchase orders placed. That is, when the number of 
engineers in the advanced design group was increased, 
purchase orders increased a couple of months later. 


After some study it was concluded that this was 
not a direct cause and effect relation, but rather a 
reflection of the dependence of both on a third factor: 
Management decisions to speed up or slow down en- 
gineering activity. However, it appeared that the re- 
lation would still be useful for prediction purposes 
since it had continued as a reasonably stable one for 
some time. Undoubtedly, further improvements could 
be made in this system. However, this system is prob- 
ably as accurate as the input information. Our work 
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effort on this problem in the future will be directed 
more in the area of the engineering requirements 
themselves. 

However, we have been able to relieve administra- 
tion of one problem by providing them with a me- 
chanical device for predicting purchase orders so that 
they can increase the proportion of their efforts that 
they can afford to devote to the more basic problem 
of determining engineering requirements. It is in this 
sense that we think this approach is important. We 
cannot always start out by attacking the most funda- 
mental problem even though that would seem to be 
desirable. In many cases it is practically more desir- 
able to attack the easy problems first, i.e., the one 
that shows a relatively high possibility of success and 
high saving in manpower. Once these less challenging 
problems are completed, we will have a larger work 
force available to us to take care of the more basic 
problems. 








A FOUNDRY APPLICATION OF THE MASTER 
CONTROL SYSTEM 


By 


N. P. Demos* 


The master control system was developed by the 
statistical methods section, one of General Electric’s 
consulting groups. In this article, the author presents 
an application that was made in a G.E. foundry. 

The master control system is an integrated, plant- 
wide, statistical quality control system which detects 
in a pinpointing manner all out-of-control charac- 
teristics that contribute to scrap or rework. It was de- 
signed to be operated by manufacturing personnel. 


In the ideal master control system, each person in 
the manufacturing line operation has a master control 
sheet upon which the performance of each quality 
characteristic he is responsible for is statistically an- 
alyzed. The information at a given organizational 
level is pyramided to comprise the master control 
sheets for the next highest level of supervision. Each 
entry on each master control sheet is checked for 
control against the Number Defective Table (Ta- 
ble 1) which lists the 99 per cent limits for the bi- 
nominal distribution. 


TABLE 1 — NUMBER DEFECTIVE TABLE 











Entries on Limits from Table 
Chart Lower Upper 

Scrap Daily 10 _ 9 

Total 24 38 76 
Production Daily 35 

Total 523 
Swell Daily 2 —_ 5 

Total 2 10 34 
Shrink Daily 3 _ 

Total 12 _— 13 
Dirt Daily 5 — 2 

Total 5 _ 6 





Let us consider the master control sheet for March, 
on Molder No. 40, which is reproduced as Fig. 1. The 
chart serves for one month with the columns per- 


*Statistical Methods, General Electric Co., Schenectady, N. Y. 


+ Editor’s Note: The dotted line circles appeared in the manu- 
script as green and solid line circles as red. 
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taining to the days in the month. The first two rows 
below the date row are for the scrap and production 
figures. The lower part (dotted circles) lists the scrap 
causes that occurred during the previous month and 
(solid line circles) the new scrap causes occurring 
during the current month.t This part of the chart 
breaks down the scrap figures into the specific causes. 
It can be seen that each square in the middle and 
lower portions of the master control sheet is divided 
into two parts. The daily figures are recorded in the 
upper portions and the cumulative total is carried for 
each row in the lower portion. The cumulative totals 
were necessary in the foundry’s system to give the 
increased sensitivity to the data that was made neces- 
sary by their low daily volume of production. Cumu- 
lating will not be needed in those processes with a 
sufficiently high daily production. The top portion of 
the master control sheet consists of a graph plotting 
the daily scrap in per cent of production. For sim- 
plicity and clarity, the entries of zero were entered 
only for the cases where they needed to be circled. 
Likewise, the cumulative totals were entered only 
where they changed or should be circled. 

Consider the entries for March 16: Daily produc- 
tion for this day was 35 pieces, bringing the total 
production to date for the month to 523. For this 
production of 35, 10 pieces were rejected as scrap, 
bringing the scrap rejections to a total of 24. It can 
be seen from the breakdown of the 10 rejections, that 
two were rejected for swell, three for shrink, and 
five for dirt bringing their respective totals to 2, 12, 
and 5. The percentage of daily scrap (10-+- 35 = 29 
per cent) is plotted on the graph for March 16. 

Under the column headed p are entered the process 
averages, the percentages of production rejected for 
the specific characteristics during the previous month. 
Eleven per cent was rejected for scrap, 4.2 per cent 
for swell, 1.4 per cent for hot cracks, etc. The process 
averages are recomputed monthly. 

Let us compare the entries for March 16 with the 
Number Defective Table (Table 1). 

The out-of-control entries on the high side are 
shown in solid line circles and those on the low side 
are in dotted lines circles. The dotted line circles are 
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Fig. 1 — Master Control Sheet 


as important as the solid line ones. They signal 
changes that represent quality improvements and sig- 
nify that opportunities exist for discovering what 
these favorable changes are and making them per- 
manent in the process. For March 16, it is readily 
seen that there is an unfavorable radical change in 
the scrap figure due to shrink and dirt rejections. 
The circling technique gives a very quick analysis. 
The capability of the process is estimated by the p’s 
in the left-hand margin. A rapid improvement was 
occurring during the first 4 days of production as is 
evidenced by the dotted line circles for both the daily 
and cumulative figures for scrap. The situation 
changed suddenly, however, on the 13th and 16th as 
is shown by the solid line circles for the daily scrap. 
The scrap for the month, though, underwent a funda- 
mental improvement as is borne out by the dotted 
line circle on the cumulative figure for the 3lst. 
Scanning the breakdown portion of the chart, it can 
be seen that epidemics occurred for shrink and dirt 
that were responsible for the two solid line circles 
for scrap. The epidemic for shrink was checked after 
two days and was not severe enough to throw the 
cumulative figures out-of-control. The epidemic for 
dirt was not checked until after 5 days; it was severe 
enough to throw the cumulative figures out and 
substantially increased the process average. The solid 
line circled figures which signal new troubles seemed 


to serve their purpose well. There were no re-occur- 
rences after the | rejection for faulty molding on the 
9th and the two for runout on the 25th. 


The master control sheet reveals the need for five 
investigations during the course of the month; the 
causes for the fundamental improvements for swell, 
hot crack and cold shut; the causes for the epidemics 
for shrink and dirt. The foreman and operator should 
be guided by the absence of circles on the other char- 
acteristics not to waste their time in these areas. 


The chart should be posed in full view of the op- 
erator’s location. This gives him the benefit of the in- 
formation on the chart and keeps the data alive. 
Many of the actions required in an operation are 
straight-forward and fundamental; the operators fre- 
quently can take action on their own initiative with- 
out counsel with the foreman. In this manner, all the 
operators can be taking action on the out-of-control 
conditicns simultaneously instead of waiting for an 
out-of-control condition to skyrocket to the point that 
it brings the foreman “on the run”. Thusly, it be- 
comes possible to practice more precisely the prin- 
ciple of prevention that is fundamental in quality 
control. There is also a strong psychological advan- 
tage gained by posting the chart at the operator's lo- 
cation—an improved performance in skill will reflect 
on the breakdown chart as dotted line circles. 
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The pyramiding function of the master control sys- 
tem is demonstrated in Fig. 2 which is a copy of the 
master control sheet for all molders in this foreman’s 
area for the month of March. Two rows are provided 
for each molder or molder team. The first line records 
the pieces of scrap and the second the production. 
Again, the top portion of each square is for the daily 
figure and the bottom for the cumulative total. The 
scrap figures that are out-of-control are circled ac- 
cordingly. It can be observed that the two rows for 
Molder No. 40 are identical with the scrap and pro- 
duction rows on his breakdown chart (Fig. 1) . 

With this tool, the foreman can ascertain at a 
glance which jobs are running out-of-control. To de- 
termine the specific characteristics that are responsi- 
ble, he need only to refer to the molders’ charts. For 
instance, on March 13, his master control sheet tells 
him that Molder No. 40 was out-of-control on the 
high side. By referring to Molder No. 40 Chart (Fig. 
1), he will see the responsible characteristic is shrink. 

This foundry’s system includes a master control 
sheet for characteristics disregarding molders. The ob- 
ject is to distinguish those out-of-control conditions 
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that are foundry-wide problems from the ones that 
are localized to a particular molder. This master con- 
trol sheet for March is reproduced here as Fig. 3. It 
can be seen that shrink is out-of-control on the high 
side with nine rejections on March 13. Figure 1 shows 
that all nine of these were made by molder No. 40, 
showing that the shrink out of-control problem is lo- 
calized to molder No. 40 and is not foundry-wide. 

The system reviewed in this article is an example 
of a two-level pyramid. The master control system vis- 
ualizes the pyramiding function continuing up to the 
manager of manufacturing. Thusly, management can 
make certain that all necessary action is being taken. 
It is a simple matter for anyone in the pyramid to 
rapidly follow an out-of-control condition down 
through the pyramid to the specific characteristics on 
the individual machines or operators that are creating 
the out-of-control condition. 

The Number Defective Table (Table 1) provides 
all the statistical answers for circling the out-of-con- 
trol entries in the master control system. Its use can be 
taught to foremen, inspectors, and operators in a 
short period of time. 
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Fig. 3 — Master Control Sheet 














AN AUTOMOTIVE ENGINEER VIEWS THE FOUNDRY 


By 


Harry F. Barr* 


Through the past 20 years the writer has worked 
directly or through product engineers under his 
supervision with foundry management in bringing 
new castings to quantity production. The foundry- 
man’s problems of achieving quality castings and low 
scrap rates are well known to him. Therefore, the 
writer’s interest in foundries, casting, and the prog- 
ress made in the field is much more than merely 
academic. 

The following discussion will cover some aspects 
of problems of serious concern to the foundryman as 
well as of direct importance to project engineers. 

The factors that concern both groups include the 
material used in automotive products, the processes 
involved in making those products, and the nature 
of the products themselves. Also, we are interested 
in future trends in casting, for these trends will de- 
termine the areas of new capital investment for mod- 
ern facilities. 

The automotive engineer is interested primarily in 
the product, and the future development of the prod- 
uct. The production method and the materials as- 
sume importance, because of their effect on the qual- 
ity of the product and the cost and ease of fabricat- 
ing it. 

Perhaps the engineer in the company with which 
the writer is associated is a bit more intimately con- 
cerned with the problems of the foundry than other 
product engineers, because all ferrous castings and 
some of die castings are produced in company 
foundries. 

One of the two gray iron foundries, occupying over 
a million square feet of floor space and employing 
about 6,000 people, is believed to be the largest gray 
iron foundry in the world. It has a rated productive 
capacity of 3100 tons daily, and has cast as much as 
3674 tons of gray iron in one day. 

Normal daily production at this foundry calls for 
3800 V-8 engine blocks and 2600 6-cylinder blocks. In 
addition to cylinder blocks and heads, this foundry 
casts flywheels, transmission cases, camshafts, clutch 
parts, intake and exhaust manifolds. In all, over 30 
parts for passenger cars and trucks. 





*Chief Engineer, Chevrolet Motor Div., General Motors Corp., 
Detroit, Mich. 


161 


The company’s die casting facility produces car- 
buretor zinc base castings and decorative die cast- 
ings. Another plant, where the automatic transmis- 
sion is manufactured, has the facility to die cast some 
aluminum parts in the site. 

Because of the project engineers close connection 
with these foundries, we understand their difficulties 
better than do most product designers. And, converse- 
ly, they are able to see into the engineer’s problems. 

We have worked together effectively in close co- 
operation for many years, and have learned that the 
most satisfactory way to accomplish the desired re- 
sult is to bring the foundry management into the de- 
sign effort very early in a program. In this way the 
design program is a mutual responsibility, with the 
minimum of compromises after the part reaches the 
experimental development stage. A good example of 
this was a V-8 engine, which involved about three 
years of unified effort by engineering and manufac- 
turing. 

In designing the V-8 engine, we began with certain 
ideas as to the performance and operating charac- 
teristics we wanted. Basic outlines were made of the 
desired displacement, bore, stroke, height, and length. 
Then we started to see what could be done to make 
the engine compact. Economy of materials and under- 
hood space are vital considerations, and the necessity 
for proper weight distribution between front and 
rear wheels further restricts the allowable weight. 

Careful planning, cooperation, and close attention 
to detail gave us an engine that is the lightest in the 
industry for its power—lighter even than the 6-cylin- 
der engine. We were enabled to achieve the weight 
distribution we had sought—52 per cent of the car 
weight on the front wheels and 48 per cent on the 
rear. 

Economy in production showed up in both ma- 
terials and processing. Only 131 Ib of core sand are 
used in casting a V-8 block. Every quarter-inch saved 
in engine length meant pounds of difference in weight. 
And holding down the pattern draft meant economy 
in machining operations at the manufacturing plants. 
Scrap rate has been kept below 2 per cent. 

Another iron casting that the foundries can be 
proud of is the valve body for a new automatic trans- 
mission. A valve body is the brain box of an auto- 
matic transmission. It contains a maze of passages or 
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ditches separated by the minimum metal or land 
thickness in order to make the part as compact as pos- 
sible. Intersecting these passages are machined bores 
containing plungers or valves controlling pressures to 
the various hydraulic elements of the transmission. 
Most valve bodies are die cast aluminum, due to the 
precise requirements of this part. Aluminum, how- 
ever, has two undesirable characteristics in this appli- 
cation. The differential thermal expansion between 
the aluminum body and the steel plungers creates 
excessive clearance and oil leakage with high tem- 
perature. Also, the passage of dirt or foreign parti- 
cles in the oil between the clearance will often stick 
the hydraulic plungers in a soft aluminum valve body. 


We therefore preferred cast iron and gave the prob- 


lem to the foundry on the basis that they should 
equal the precision of the aluminum design. 

Land thickness in these valve bodies is 0.150 and 
space between lands also is 0.150. The foundry was 
asked to hold critical dimensions to a plus or minus 
0.005 tolerance. Patterns and core boxes of a test sec- 
tion were made, and the sample castings produced 
showed a variation of only plus or minus 0.002. On 
this basis, the transmission was given a cast iron valve 
body. 

These examples are cited to indicate how close 
liaison between foundry and engineering can pay off 
in obtaining the desired product performance. 

Almost invariably, a foundry management con- 
sulted prior to submission of a new design offers im- 
mediate suggestions for modification. In the case of 
the V-8 engine block, the foundry protested that the 
cylinder and jacket walls were too thin; there was not 
enough water jacket or core space. 

They would ask, “Can’t we allow more draft?” or 
“can’t you make the engine longer?” “Then the cylin- 
der centers could be farther apart, for stronger core 
sections between bores.” 

Needless to say, compromises do have to be made, 
preferably early in the design stage. The product en- 
gineer is far from infalliable. Frequently the suggested 
changes improve the product. If engineers and manu- 
facturing groups work well together, the ultimate de- 
sign is the summation of the work and imagination 
of all concerned. But if, on the other hand, the de- 
sign engineer accedes to all requests for changes— 
more draft for the foundryman, easy machinability 
for the manufacturing plant, and simple assembly 
for the assembly plant—the result could be a finished 
part only remotely resembling the best product de- 
sign. 

We are all striving to improve our products for 
many reasons: The desire for leadership, pride of 
achievement, fulfilling needs of ourselves and our so- 
ciety, and to make a profit on the operation. 

None of us can afford to coast along on past 
achievements, and in order to be leaders, we must 
not merely maintain our rate of progress, but increase 
the pace. And, just as we automotive engineers and 
other product engineers must keep moving ahead, 
so must you foundrymen and process engineers. We 
have ideas for the future that will cause some head- 
scratching. 
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One of our goals is a logical extension of thing 
we have been demanding all along: thinner walls, anc 
castings that are not highly stressed due to residua 
strains. Second, we want to eliminate or greatly re 
duce parasitic slugs of iron that are not necessary to 
the operation of the part, but are required by foun 
dry practice. Third, we want to get closer dimen- 
sional tolerances and smoother surfaces on our cast- 
ings, to decrease machining and cleaning expense. 
Fourth, we want to see draft minimized. This is an- 
other source of extra machining, and we really would 
like to see draft eliminated altogether. 

Foundrymen may feel that all these objectives are 
impossible to attain. Some of them probably are. But 
we would venture to guess that most of them will 
be closely approached in the years ahead. Probably 
every one who has been in the foundry industry for 
a long time is holding standards today that were be- 
yond your dreams 20 or 30 years ago. 


Foundries are faced with the development of new 
techniques or the improvement of familiar ones to 
keep pace with the demands of customers and to main- 
tain a competitive position. 

The investment casting process offers new limits 
of dimensional control in small parts and is now be- 
ing expanded to larger castings. We know there is a 
lot of work and research being conducted to advance 
the art of sand mold casting. We hear of such things 
as diaphragm molding and carbon dioxide curing of 
cores, continual research in sand and sand mixes, and 
increasing use of automatic techniques. Improved con- 
trol of melting operations and great strides in metal- 
lurgy have expanded the versatility of ductile iron 
and pearlitic malleable iron. 


Shell molding apparently has established itself as 
the method most suited to making certain types of 
castings, and shell cores now are being used in some 
cases even with green sand molds. The competition 
must be very intense between the sand casters who 
are sticking with green sand and those who have 
adopted shell molding and coring for some produc- 
tion. The invasion by shell molding has in many 
cases led the conventional foundries to tighten up 
their green sand founding procedures. By controlling 
their operations more closely to meet the competi- 
tion of shell molding, they are improving both quality 
and economy. We, the product engineers, get the 
benefits of these improvements, which are passed on 
to the motoring public. 

The choice of metal for particular application will 
always be a matter of deep concern to both product 
designer and foundryman. Iron and steel are the old, 
established materials for most of our industrial appli- 
cations, and the lighter metals have come into signi- 
ficant use more recently. The trend to replace the 
ferrous alloys with light metals shows an inclination 
to increase in the years ahead. 

In many applications, aluminum or zinc-base alloys 
have supplanted iron because of their lightness or 
manufacturing advantages. But the newest is not al- 
ways the best. For example, iron proved to be super- 
ior to aluminum for the transmission valve body be- 
cause of its lower thermal expansion rate. 
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Ideally, the metal best suited for a given applica- 
tion always is selected. But in some cases the choice 
o: metal must be made on the basis of economy or 
precision of the casting technique. In such an in- 
stance, the foundry that loses out may be responsible 
for its own misfortune, by not being sufficiently pro- 
gressive. 

Lack of alertness or progressiveness by a foundry 
may cause a customer to abandon casting for other 
methods of metal forming, such as stamping, hot ex- 
trusion, cold extrusion and other press-forming proc- 
esses. These metal-forming advances are becoming 
more competitive each year. 

The automotive designer has no favorite in this 
race. We really have no preference as to whether a 
piece is forged, cast, stamped, or extruded, as long as 
we get the part that will fulfill its functicn best at 
the lowest weight and cost. 

The same thing generally holds true for choice of 
materials. All we want is a sound piece that has the 
necessary physical properties and is dimensionally 
accurate within close tolerance, without excessive cost. 

In dealing with product design engineers it must 
always be kept in mind that our primary interest is not 
in the casting as such, but in the final product. Any 
saving that can be achieved in the cost of casting is 
welcome, naturally. But if the cheaper casting means 
that more machining will be necessary, and that the 
total cost therefore will be greater, the apparent foun- 
dry saving becomes less than useless. 

Foundrymen who have dealings with the automo- 
tive industry are familiar with the fact that there has 
been a definite movement toward the use of alumi- 
num permanent mold and die castings in certain chas- 
sis components. Extensive use is also being made of 
aluminum for many decorative trim items. Zinc base 
die castings for grilles and other parts are being threat- 
ened by this development. 

The situation at the writer’s company will serve 
to demonstrate the strength of this trend. As re- 
cently as 1951, a car with standard transmission had 
less than a half pound of aluminum in the engine 
and chassis. In 1957, the same series car with a V-8 
engine and automatic transmission has over 38 lb of 
aluminum parts. This is just one experience in the 
increasing use of the lighter metals—and this com- 
pany is rather conservative in this regard. 

From almost no aluminum 30 years ago, the aver- 
age American car has gone up to 38 lb in 1957 (fig. 
1). With automatic transmission, power brakes, and 





Fig. 1 — Aluminum usage — industry average per car. 


163 


power steering, the average is over 50 lb of aluminum 
content. Some cars have more than 100 aluminum 
parts totaling 70 to 80 lb. The broken curve shows 
the future projection, with 100 lb of aluminum aver- 
age per car indicated by 1970. 

At the present rate of usage, a seven million car 
year would consume 270 million pounds of aluminum 
—nearly 8 per cent of the total U. S. production. We 
expect this trend to increased use of aluminum to 
reach an average of 50 ib per car by 1960 and 75 lb 
per car by 1965. This rate would indicate a consump- 
tion of 600 million pounds of the metal by the auto- 
mobile industry in an eight million car year. This is 
three quarters of total United States aluminum pro- 
duction in 1949 (fig. 2). 

The automatic transmission (Fig. 3) is the most 
important illustration in our company of this move- 
ment toward the light metals. In this transmission 
both weight and money are saved by die casting 
the case. Many long oil passages that would be drilled 
in an iron casting are die cast to size in the transmis- 
sion case. When production of the transmission be- 
gan, the case shown here was the largest die casting 
in the auto industry, with a gross weight of 13.5 lb 
and a net finished weight of 11 Ib. 

Elimination of the drilling and a reduction in ma- 
chining rates cut the cost of the aluminum case to the 
point where the iron case no longer was competitive. 
A weight saving of 30 Ib in this one part also was 
most welcome. A total of 25.7 lb of aluminum was 
used in this transmission. 
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Fig. 2 — Aluminum usage — total for passenger car industry. 





Fig. 3— Die cast aluminum transmission case. 
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In the Ramjet Fuel Injection System, extensive 
use is made of aluminum (Fig. 4). The special in- 
take manifold necessary for the fuel injection system, 
the adapter plate, and such other components as the 
air meter, fuel meter, and choke housing are alumi- 
num castings. The total aluminum weight in the sys- 
tem as shown here is 23 Ib. 

The company’s most extensive project to date in- 
volving the use of light metal was the design and 
building of an experimental sport car which has 
magnesium body panels. In addition to the alumi- 
num in the fuel injection system, the experimental 
car has aluminum cylinder heads, clutch housing, wa- 
ter pump, and radiator core. The oil pan is a magne- 
sium casting, for better heat dissipation as well as 
reduced weight. The frame is of lightweight tubular 
truss construction chrome-moly steel, and the wheels 
are cast magnesium. 

This car, while not considered for production, is 
used to test the functioning and durability of light 
metal construction under the most severe conditions. 

Aluminum lightweight components used in the ex- 
perimental car include the case and extension on the 
four-speed transmission in the center, the muff on 
the brake drums, and the differential housing and 
side covers. Total aluminum weight in these parts is 
40 lb (Fig. 5). 

Naturally, these experimental parts are sand cast- 
ings, but for high production usage they could easily 
be redesigned for die casting. 

Light metal components of the experimental car 
engine (Fig. 6), in addition to the fuel injection sys- 
tem, are the aluminum cylinder heads and water 
pump, and the magnesium oil pan. Part of the alumi- 
num clutch housing also can be seen. 

This 283 cu in. engine has a regular production 
cast iron cylinder block weighing 143 Ib. Even so, the 
total engine weight has been cut to 453 lb. Output is 
300 hp, making the specific weight 1.5 lb per hp. 
Total weight of the experimental car is only 1850 Ib, 
for vehicle weight-power ratio of 6.2 lb per hp. 

Most of us are aware of experiments that have been 
performed with aluminum cylinder blocks. New pro- 
cesses and designs to make them practical are now 
under study. It is known that the use of aluminum 
blocks will save 75 lb per engine in weight, so the 
project is most attractive from an engineering point 
of view. The problem is process development and 
economics, for present studies indicate a definite cost 
penalty when comparing aluminum cylinder heads 
and blocks with the present cast iron material and 
processes. 

Magnesium bodies or wheels or aluminum cylinder 
heads and blocks may never become standard equip- 
ment for volume production cars, due to economic 
factors, but one way to find out whether they are 
functionally satisfactory is to try them. This is being 
done in the experimental car with the idea that, if 
only 10 per cent are ultimately used in volume pro- 
duction later, it is a stimulating development well 
worth the effort. 

If we could speculate for a moment on what the 
automobile of the future will be like, we can begin 
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Fig. 4 — Ramjet fuel injection system uses 23 Ib of aluminum 
castings. 





Fig. 5— Aluminum sand castings for transmission case and 
extension (center), muff on brake drum (right), and differential 
housing and side cover (left) in experimental car. 





Fig. 6 — Light metal engine components are fuel injection 
system, aluminum cylinder heads and water pump, and the 
magnesium oil pan. 
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with the assumption that the power plant will be 
eificient to operate and economical to build. The 
trend will be toward a higher compression ratio, the 
use of more aluminum and magnesium, and low 
weight compatible with the use of plentiful materials 
at low cost. 

The word “horsepower” too often comes to mind 
when improvement of engine is mentioned, but this 
is far from the only thing in the designer’s mind when 
he works on a new engine. He thinks also in terms of 
torque over a speed range, to give needed flexibility 
of performance under varying driving conditions. He 
thinks in terms of economy to the motorist who will 
use the car. He thinks in terms of weight and what it 
will mean to the roadability of the vehicle. He thinks 
of size and weight also in terms of fitting it under the 
hood and the cost of manufacture. Entering also into 
the expense consideration is the kind of metal that 
will be used and the operations that will have to be 
performed in processing. He must consider not only 
conventional automotive engines, but entirely differ- 
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ent types of engines, such as the gas turbine and the 
free piston engine. All the major automobile com- 
panies are doing research and development work with 
these power plants. 

As we design our conventional piston engines, we 
are working on a trend of rising operating charac- 
teristics and decreasing weight. This trend will make 
the piston engine a moving target for any challenge 
by the revolutionary types. If it should develop, then, 
that one of the newer kinds of engines is superior 
to the present type, of course we would make the 
switchover to the better power plant. 

We will continue to experiment with gas turbine 
and free piston engines, but we believe that the con- 
ventional piston engine will retain its dominant posi- 
tion many years to come. 

As our country grows and advances, design groups 
must continue to plan new products that will satisfy 
the consumers’ needs. And the productive groups, 
like the foundrymen, must continue to improve and 
adapt the processes of manufacture. 








AUTOMATIC METERING OF MAGNESIUM FOR 
COLD CHAMBER DIE CASTING 


By 


F. L. Burkett* and F. C. Bennett* 


ABSTRACT 

An automatic metering mechanism! has been developed 
for supplying molten magnesium to cold chamber die 
casting machines. Casting rates have been increased to 
the limit of the cooling capacity of the dies; part quality 
is assured with controlled metal transfer conditions; 
operator movements and fatigue have been reduced and 
shot sizes increased beyond the permissible range for 
conventional hand ladling operations. Ease of installa- 
tion permits flexible operations for casting different 
metals on the same machine. Simplicity in design, mini- 
mum start-up time, trouble-free performance and low 
maintenance are features of the mechanism. 


Reason for Development 


The rapid growth of the pressure die casting in- 
dustry has been stimulated by conversion economies 
made possible by mechanization of the casting proc- 
ess.2 This trend to mechanized processing is further 
emphasized by the increasing production of pressure 
die cast parts paralleling a reduction in sand cast 
foundry business.3.4 

Continuing improvements are being made in the 
die casting process—in machines, in alloys and in dies 
—and in melting and molten metal handling equip- 
ment. Essentially, all zinc die castings are now pro- 
duced on high speed, semi-automatic hot chamber 
type die casting machines featuring automatic sup- 
ply of the molten alloy. Recently published de- 
velopments also show that magnesium alloys can be 
processed by the hot chamber method with proper 
equipment.5 However, most of the higher melting 
temperature die casting alloys (aluminum, magne- 
sium and brass) are still manually transferred to the 
machine by the relatively inefficient, costly and haz- 
ardous hand-ladling operation which must be re- 
peated for each cast. 

An automatic metering development for magne- 
sium cold chamber die casting may provide several 
desirable characteristics not readily available by the 
magnesium hot chamber technique such as larger 
casting size, greater range of casting pressures, flexible 
metal casting operations, lower capital investment 
and less maintenance. Production experience to date 
has not been sufficiently extensive to fully evaluate 
these factors. 


*The Dow Chemical Co., Midland, Mich. 
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Extent of Problem 

This manual ladling operation comprises a sub- 
stantial portion of the operator movements and of 
the casting cycle. To complete a casting cycle by the 
conventional hand-ladling method the operator first 
presses the die close button, then steps to the injec- 
tion end of the machine, adds lubricant to the shot 
well as may be needed, picks up the hand ladle, dips 
a ladle of molten alloy, swings it to the shot well, 
pours the metal into the shot well, actuates the shot 
button, returns the ladle to the pot or furnace and 
steps back to the die position and removes the cast 
from the machine when solidified. This cycle of move- 
ments often is repeated over one-hundred times in 
an hour for many dies. 

When automatic feeding of the metal is provided, 
as with a hot chamber type machine, the operator can 
perform all his operations from one station at the die. 
His routine movements are reduced to removing 
casts from the die, adding such lubricant as is re- 
quired and pressing the die close button to actuate 
the casting cycle. In comparison with the hand-la- 
dling cold chamber type operation, a signficant in- 
crease in casting rate can be obtained. 

Several difficult to control casting variables result 
from the hand-ladling operation. Temperature of the 
metal deposited in the machine may fluctuate de- 
pending upon ladle temperature and time of transfer 
and pouring into the shot well. These variables often 
lead to poor quality or defective castings with conse- 
quent low casting efficiency. Also, as casting weight 
size increases operator fatigue becomes more acute 
and for the largest shot weights considerable addi- 
tional time must be allowed for the ladling operation 
or additional manpower assigned at an extra expense. 


Previous Developments 

A number of mechanisms have been devised for 
transferring molten metal from a furnace to cold 
chamber die casting machines. A mechanical ladle 
actuated by a mechanism sequenced into the machine 
movements operates to dip molten metal from the 
furnace or holding pot and deposit the charge into 
the die casting machine shot well.6.7 A quadrant 
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type scoop$ and several mechanical valve mecha- 
nisms are described by letters of patent.9-12 

Several different devices have been designed to 
feed aluminum-base alloys to cold chamber die cast- 
ing machines. Early developments appeared to center 
around an electromagnetic pump employing an elec- 
trical force to displace the molten charge through a 
refractory tube to the die casting machine shot well 
during a timed interval.13 More recently develop- 
ments have centered around a principle of displacing 
a given volume of molten metal through a refractory 
carrier to the die casting machine. Letters of patent 
show one such device employing a mechanical dis- 
placement member,!4 while others employ a con- 
trolled pressurized atmosphere to displace the re- 
quired charge to the machine.15.16 Several of these 
latter developments are of commercial stature and are 
being used for automatic feeding of aluminum alloys. 

Development work conducted by The Dow Chemi- 
cal Company and extending over a number of years 
has indicated that mechanical valves employing metal- 
lic components offered the most favorable design for 
containing and controlling the feeding of magnesium 
alloys to die casting machines. Magnesium is readily 
amenable to processing in steel equipment and has 
been melted and transferred in steel pots and pipes 
for many years. 


Description of Magnesium Automatic Metering 

A schematic drawing of the automatic feeding 
mechanism for magnesium is shown in Fig. 1. Pre- 
pared molten magnesium alloy is charged to the gas 
or electrically heated steel holding pot. The molten 
metal is protected from oxidation by a conventional 
flux or a sulfur dioxide atmosphere. Molten magne- 
sium from within the pot (thus avoiding dross in- 
clusions) flows by gravity through a heated transfer 
pipe leading to a valve of special design immediately 
above the die casting machine shot well. 

The molten alloy seeks the same head in the valve 
standpipe as is maintained in the holding pot. The 
free surface of the molten metal in the valve stand- 
pipe and the atmosphere immediately adjacent to the 
valve outlet are purged with a small flow of sulfur 
dioxide gas to inhibit any oxidation of the exposed 
magnesium. The valve and transfer pipe are main- 
tained at a controlled temperature with gas or elec- 
trical heat. 

Discharge of the metal for each cast is controlled 
by electrical sequence wired into the die casting ma- 
chine circuit, so that when the operator presses the 
die close button, the machine closes the die, the au- 
tomatic feed is energized to raise the metal valve stem 
for a timed interval to release a constant weight of 
metal, the machine shot plunger injects the metal 
into the die cavity, and following the die holding 
time the machine opens and ejects the cast. The cycle 
is now complete. An automatic feeding mechanism is 
shown installed on a conventional cold chamber die 
casting machine in Fig. 2. 


Increased Casting Rates 
The use of an automatic metering mechanism has 
permitted increasing casting rates to the cooling capa- 
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city of the dies. Since the actual metal pouring time 
is very small and follows immediately upon closing the 
die, the die holding time (solidification of the casting 
and removal of heat from the die) is the limiting 
factor. 

One multiple cavity shot of 1.55 lb of magnesium 
has been cast at actual machine rates (based on actual 
time operator is operating machine) of 240 shots per 
hr (Fig. 3). Tests of shorter duration showed that 
the part could be cast at a rate of 280 shots per hr 
until the die became overheated. Another multiple 
cavity die of 1 lb magnesium shot weight was cast at 
a peak rate of 350 shots per hr until the die over- 
heated. The steady rate on this job firmed down at 
270 shots per hr. A massive section multiple cavity 
part of shot weight 0.9 lb of magnesium was cycled 
regularly at 225 shots per hr (Fig. 4). A fourth small 
part of shot weight of 0.3 lb was cast at a regular 
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Fig. 1 — Schematic drawing of automatic metering mechanism 
for magnesium cold chamber die casting. 





Fig. 2 — Automatic feeding mechanism installed on conven- 
tional cold chamber die casting machine. 
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cycling rate of 330 shots per hr (Fig. 5). In no ex- 
perience to date has the maximum rate of this auto- 
matic metering mechanism been approached. 


Equal or Better Quality Parts 

The quality of the die castings produced using 
automatic metering has been checked using visual, 
dimensional and radiographic procedures and com- 
pared with the same parts produced by conventional 
casting methods. In no way was the surface appear- 
ance, surface and internal quality, dimensions, or 
corrosion of the parts impaired. In fact, by assuring 
uniform metal transfer conditions, the surface appear- 
ance and quality of the parts appeared to be 
improved. 


Operator Movements Reduced 


As the operator no longer must move to the injec- 
tion end of the machine to hand-ladle metal into 
the shot well for each cast, his operating movements 
are considerably reduced and are now very similar 
to those for a hot chamber type die casting ma- 
chine operator. Lubrication for the die is added dur- 
ing the die closing portion of the machine cycle by 
an automatic lubricator of conventional design which 
injects just the correct small quantity required for 
magnesium alloys into the shot well. Magnesium 
alloys require only a minimum of lubricant which 
for most jobs may be added at the machine shot 
well. At the start and finish of each shift, the operator 
removes such dross as may have formed in the valve 
standpipe along with customary pot or furnace house- 
keeping. 


Uniform Shot Weights 

Shot weight is established by a simple turn of a 
control knob on the automatic metering timer and 
is infinitely adjustable between the 14 to 10-Ib limits. 
(Maximum equivalent—aluminum, 15 Ib; zinc, 38 Ib). 
After quickly establishing shot size at the start of a 
job, casting operations may be continuous even dur- 
ing periods of filling the holding pot. As the rate of 
flow of molten magnesium from a valve varies with 
the pressure of the hydraulic head, a Dow developed 
metal level sensor!?7 and compensating instrument 
correct the automatic metering timer to discharge 
uniform shot weights. 

Experience to date has shown a reproduction of 
shot weights up to about 5 per cent deviation over 
the total variation in holding pot metal head. Figure 
6 illustrates this uniformity of shot size by the small 
variations in biscuit lengths. This close control of cast- 





Fig. 3 — Multiple cavity shot of 1.55 Ib of magnesium has 
been cast at rate of 240 shots per hr. 
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Fig. 4— Multiple cavity part of shot weight 0.9 Ib of magne- 
sium was regularly cycled at 225 shots per hr. 





Fig. 5 — Small part of 0.3 Ib shot weight cast at regular cycle 
rate of 330 shots per hr. 





Fig. 6 — Uniformity of shot size is illustrated by small varia- 
tions in biscuit length. 
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ing biscuit size not only results in a saving by con- 
serving casting alloy, but permits further more rapid 
casting rates by assuring a uniform minimum solidi- 
fication period and which also obviates the safety 
hazard of “exploded biscuits” upon die opening. 


Flexible Use on Conventional Machines 


Installation of automatic metering equipment on 
a conventional cold chamber die casting machine is 
relatively simple and requires no fundamental change 
other than adequate shot injection speed for magne- 
sium which is usually greater than for most aluminum 
alloys. Adequate space must be provided opposite 
the operator on the injection end of the machine for 
the automatic metering equipment. The distance be- 
tween the machine stationary platen and shot well 
filler opening must be sufficient for centering the 
metal valve over the pouring hole and such injection 
end tie bars as may interfere with the transfer pipe 
must be relocated. 

The automatic feeding equipment can be easily 
set in place with a fork truck or overhead crane and 
final positioning made from adjustments provided in 
the pot support stand. All utilities and controls are 
provided with quick disconnects which require only 
a few minutes to connect or detach. Although alumi- 
num alloys cannot be contained in this automatic 
metering equipment, quick installation permits flex- 
ible scheduling and operation for casting various met- 
als with the same machine. 


Minimum Start-up Time 

Heating time from room to operating temperature 
with the gas-fired unit is about 3 hr. Following exami- 
nation and removal of dross, if necessary, from the 
valve standpipe, the unit is checked for operation by 
leaving the “hand-auto” control provided in “hand” 
position and making several shots which are chan- 
neled through the shot well into a catch pan provided 
under the open die. This also permits checking the 
alignment of the metal valve for complete discharge 
of the molten metal into the shot well. After making 
necessary adjustments, the “hand-auto” control is 
placed in “auto” position and the casting cycle is 
conducted semi-automatically from one die close but- 
ton as described earlier. Often after initial installa- 
tion and heating, this checking procedure is not re- 
quired, and casting operations may be commenced 
immediately following periods of inoperation for 
lunch or setting dies. 


Trouble-free Performance 


Early development work was plagued with untime- 
ly freezing or stoppage of some component of the au- 
tomatic feeding mechanism, especially when casting 
operations were suspended for lunch periods or die 
changes. Also dripping and dribbling of molten metal 
from the outlet following the discharge interval 
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caused a nuisance problem and often resulted in sus- 
pending casting operations until the situation was 
corrected. The design of the described unit has obvi- 
ated these troublesome factors and reduced mainte- 
nance to a minimum. 


Simple Maintenance 

Servicing the automatic feeding mechanism is also 
very simple. The valve stem is the only moving part 
operating in the molten metal and is designed to in- 
cur preferential wear. A valve stem can be replaced 
hot in from 15 to 20 min with the metering unit in 
position on the machine. Other operating parts are 
principally electrical and require little maintenance. 


Summary 


An automatic metering mechanism for supplying 
magnesium to cold chamber die casting machines 
permitted greatly increased casting rates by eliminat- 
ing the conventional hand-ladling operation, assured 
part quality by controlled metal transfer conditions, 
reduced operator motions and fatigue and increased 
current permissible shot weights. Simple installation 
permits flexible scheduling for casting various metals 
on the same machine. Minimum start-up time, trou- 
ble-free performance and low maintenance have been 
experienced in service. This automatic metering mech- 
anism permits further economic advantages in the 
conversion of magnesium to die cast parts. 
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FLOW OF HEAT FROM SAND CASTINGS BY CONDUCTION, 
RADIATION, AND CONVECTION 


By 


Clyde M. Adams, Jr.,* and Howard F. Taylor** 


ABSTRACT 

Analyses of heat flow from simple shapes have led to 
modification of the Chvorinov‘ relationship to take 
cognizance of the influence of mold contour on solidifi- 
cation of compact castings. Patterns have been designed 
for measurement of mold thermal properties under cast- 
ing conditions which permit unambiguous analytical 
interpretation. Some information is also presented on 
measured heat flux from exposed metal surface (such 
as open risers) during solidification. 


his I. Introduction 


In recent years thermal problems associated with 
solidification of castings have received much experi- 
mental attention. For the most part the data have 
been subject to qualitative descriptive interpretation. 
Some theoretical work has been done founded on heat 
conduction relationships, but analysis and experiment 
are seldom found in the same paper. Whereas the 
theoretical investigations have been limited by the 
lack of physical data concerning thermal properties 
of molding materials, the experimental studies have 
not lent themselves to quantitative interpretation. Pel- 
lini, et al, have applied the techniques of thermal 
analysis to exhaustive solidification studies, and the 
results have constituted a detailed portrayal of the 
solidification sequence for various metals.1-2.3 

However, the fundamental relationships governing 
the rate at which heat may leave the casting and 
enter the mold remain to be clarified. It has been 
the purpose of this paper to set forth some of the 
simpler and more important of these relationships, 
and then to use them in making dynamic measure- 
ments of thermal properties of metals and molding 
materials. In other words, an experimental pro- 
gram was set up in such a way that the results lend 
themselves to theoretical interpretation. 

In addition to collecting specific information on 
the conduction of heat from castings into sand molds, 
data were sought on the radiation and convection of 
heat from exposed metal surfaces (e.g., from the tops 
of open risers). Thermal analyses of both castings 
and molds as well as pour-out tests were used to de- 
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termine solidification times of the simple cast shapes 
used in this investigation. 


II. Conduction of Heat in the Sand Molds 


Metals have much higher thermal conductivities 
than sand. The rate of solidification of a sand casting 
is, therefore, completely governed by conduction of 
heat through and into the sand mold. If the thermal 
conductivity of a casting is very much higher than 
that of its mold, then the surface of the casting will 
be at a temperature not far from the melting point, 
and the basic heat flow problem becomes relatively 
simple. If the metal is a relatively poor conductor like 
steel, the mold-metal interface temperature will be 
somewhat below the melting point but will remain 
fairly constant throughout the course of solidifica- 
tion.1:2.3 To make a straight-forward analysis of 
heat conduction into the mold, it is assumed the 
mold surface temperature is instantly brought near 
the melting point at the moment of casting, and re- 
mains constant during solidification. If the mold wall 
is flat the temperature distribution in the sand is 
given by:4-5* 


T,-—T X (la) 
——__— = E,, {——= a 
T.-T, * \2Vee 

where T,= temperature at mold-metal interface 


(slightly below the melting point of the 
metal) 


T = temperature in the sand at a distance, X, 
from the mold-metal interface at time, 6, 
after pouring 

T, = initial temperature of the mold 

<= = thermal diffusivity of the mold 





eC 
K = thermal conductivity of the mold 
pe = density of the mold 
Cp = specific heat of the mold. 
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For this case the rate of heat flow across the mold- 
metal interface is given by: 


4 K(T, + T>) (1b) 
A V rad 


where q = heat flow rate across mold-metal interface, 
at time, 6, after pouring 
A = area of mold-metal interface. 


The amount of heat which has entered the mold 
after a given length of time is given by: 
Q 2 K (T, eg T,) Vo 
Ye Vra 


where Q= heat which has entered mold at time, 6, 
after pouring. 





(Ic) 





Equations (la), (1b) and (lc) are written strictly 
for the hypothetical case in which the thermal prop- 
erties of the molding material are not dependent on 
temperature. In actuality the thermal properties, par- 
ticularly thermal conductivity, vary over the temper- 
ature range encountered in casting. However, if the 
flat surface of a thick mold is suddenly heated to a 
high constant temperature, the rate at which heat 
enters the mold wall will be inversely proportional 
to the square root of time, even though thermal prop- 
erties vary with temperature. 


Since density and specific heat vary only slightly 
with temperature, a value for the thermal conduc- 
tivity may be obtained from experimental data such 
that when used in conjunction with equations such 
as (lb) and (lc) will give correct answers in calcu- 
lating solidification rates and times of castings. In 
other words, there exists an average effective value 
for k which may be used to describe the heat ab- 
sorbing ability of the molding material when it is 
in contact with a particular metal. This value will 
depend on the melting temperature of the metal be- 
ing poured as well as upon the grain size and pack- 
ing density of the sand itself. 


Since it is known that the thermal conductivity of 
sand increases with increasing temperature, this 
average effective value will, in general, be higher, 
the higher the melting point of the metal being cast. 
For these reasons, the thermal conductivity of a mold- 
ing material must be determined under casting condi- 
tions to be useful in making thermal calculations of 
freezing rates and times. 


If the mold is contoured, the rate of heat flow into 
the mold will be influenced by the shape of the mold 
surface. For example, heat flow into a concave, spheri- 
cal mold wall is somewhat greater than that into a 
flat mold wall, since heat flow is somewhat divergent; 
the heat flow paths “spread out.” The rate of heat 
flow from a spherical casting surface into a concave, 
spherical mold wall is given by: 


1 I 
=K(T,-T,) | — 2 
( ) [-+—| (2a) 


where R = radius of spherical mold surface. 
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The temperature distribution in the sand is grven by:5 


Z — So R r— R ob 
TT, + |'~ “xr \ 2 Vee vi 
where r= radial distance from center of sphere to a 
int in the sand at which the temperature 

is T at time @ after pouring, 


and the total integrated heat which has entered the 
mold after a certain length of time is: 


2\/0 
~-Kq@,-1) E + a (2 

A R Vra 
Heat flow into a concave, cylindrical mold wall is 
also divergent, although somewhat less than for a 
spherical mold cavity. Subject to the assumptions 
made, the exact expression for the rate of heat flow 

into the mold is given by:5-6 


q 4K(T,—T),) ¢ ~~ du 
ee ee" Fees + v0 | (6a) 


J.(#R), Y,(#R) = Bessel functions of uR of the first 
and second kind, respectively of 
order zero. 











For purposes of calculation Equation (3a) is hardly 
convenient, and may be approximated with great 
precision by:® 





q 7 0.5 l 
_ s +o > —_—— b 
x =K( Nhe ce (3b) 


Careful comparison of Equations (3a) and (3b) will 
indicate a disagreement of less than one per cent as 
applied to casting problems. Using (3b), an expres- 
sion may be obtained for the total integrated heat 
which has entered the mold wall during a particular 
time interval: 


(8c) 





Q on ae Ee ] 
a= KOT) | S-+7— 

Equations (Ic), (2c) and (3c) are in a form con- 
venient for interpretation of casting problems. If a 
casting were poured with no superheat, and the sur- 
face of the casting, as stated above, remains near the 
melting point during solidification, the heat which 
has entered the mold as of a certain time may be 
equated to the latent heat evolved by the amount of 
metal then solid. For calculation of practical freezing 
times under real conditions, small amounts of super- 
heat may be added calorifically to the latent heat of 
fusion. The basic heat balance is: 


Q=VF H=Ve [H+C3(T,-T,) | (4) 


where V = volume of casting 
p* = density of solid cast metal, at the melting 
point. 
H = heat of fusion 
C,' = specific heat of liquid metal 
T, = pouring temperature 
T,», = melting point 
H'? = H + C,'(T, — T,,) 


s 
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Equation (4) may be substituted into Equations 
(Ic), (2c) or (3c) for the purpose of calculating 
solidification times for castings of simple different 
shapes. For example, consider the freezing times of a 
slab, a cylinder and a sphere. Neglecting the effects 
of gates or risers, the time required for complete 
solidification of each of the three basic shapes may 
be expressed in terms of its volume and surface area. 


This has been done by Chvorinov4 using an equa- 
tion similar to (lc), but Chvorinov neglected contour 
effects and used Equation (lc) for all shapes, pointing 
out that the time required for a casting to completely 
solidify should be proportional to its V/A ratio 
squared. This is strictly true only for castings having 
similar shapes but different sizes. Equations (5a), 
(5b) and (5c) have been derived from Equations 
(Ic), (2c), (3c) amd (4) and represent expressions 
of Chvorinov’s constant for the three basic shapes: 























Slab: 
. K Pp CG, j 
A AV er ry =(47 p H? VES ; 2 (5a) 
Sphere: 
Vv Kp of Tv ap H* 
A VO; -(5 P Pi P)VEs , 1+Vi + 3K(T, ace 
Cylinder: 
3 K eC, aap H* 
We = (Sar Vv b+ Witaetery =| 


where 6; = time required for complete solidification. 


Equations (5a), (5b) and (5c) pertain only to 
complete solidification; in all cases the time required 
for complete freezing is proportional to the volume 
over surface area squared. For a given volume to sur- 
face area ratio the expressions may be used to show 
that the sphere freezes more rapidly than the cylin- 
der and that the cylinder freezes more rapidly than 
the slab. The error in using the Chvorinov approxi- 
mation to compare, for example, the freezing times 
of spheres and cylinders is of the order of 5 per cent. 
However, in comparing a sphere to a slab error may 
be as high as 30 per cent. 


The meaning is that a square inch of mold surface 
has a heat absorbing ability somewhat dependent 
upon its contour. The Chvorinov relationship is 
founded upon the essential assumption that a square 
inch of mold surface area has a certain heat absorb- 
ing capacity regardless of shape. 


Ill. Radiation and Convection from Open Risers 

In addition to conduction into the sand mold 
wall, heat may be dissipated from exposed metal 
surfaces by radiation and convection. Usually such 
surfaces are manifested in exposed surfaces of open 
risers. The rate at which heat is transferred from a 
hot surface to cooler surroundings by the mechan- 
isms of radiation and convection depends on the 
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temperature of the surface and that of the 
surroundings. 

The function of a riser dictates that it must con- 
tain liquid metal throughout the course of solidifica- 
tion of the casting and the riser; consequently, liquid 
metal is never far from the surface of a riser, and 
during the period of interest that surface is never 
far below the melting point of the metal. Since the 
temperature of the exposed riser surface does not 
change much during solidification and that of the 
surroundings does not change at all, the rate at which 
heat is dissipated from an open riser is constant with 
time until the casting is solid.é 

Although there is some effect of size on convection 
heat transfer, heat lost by convection is usually so 
small compared to that lost by radiation that the 
rate of total heat dissipation is largely determined 
by the surface temperature of the riser and the emis- 
sivity of the metal. In following paragraphs this total 
heat flux is designated as F, and is a property of 
the metal being cast, since for a given metal the riser 
surface temperature will not vary from casting to 
casting. 

Since values of emissivity afe not generally avail- 
able, especially for the conditions of roughness, tem- 
perature and oxidation prevailing on open riser 
surfaces, it has been a prime objective of this in- 
vestigation to establish a method for determining F,. 
From known values of F,, using appropriate values 
for riser surface temperatures, the specific relative 
contributions of radiation and convection may be 
calculated and values of emissivity determined, but 
these are only of academic interest. Only the quan- 
tity of F, is required for making thermal calculations 
in connection with risering. 


IV. Thermal Properties of Sand Molds 
and Metal Surfaces 
As a first step in gathering unambiguous, quan- 
titative thermal information from solidifying sand 
castings, patterns were selected which lent themselves 
to complete analytical interpretation. The shapes 
and dimensions are shown in Fig. 1. The castings 











. Pattern r Lt 
| 1.75" 155° 
2 2.25" 2. OO" 
3 2.81" 2.50" 
4 1.00" 0.0 
5 1.47" 0.0 
6 2.49" 0.0 
| f 7 2.97" 0.0 
| a 3.97 0.0 











Fig. 1 — Patterns were molded entirely in one flash, with flat 
top surface exposed. 
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were either simple hemispheres or hemispheres tan- 
gent to short cylinders, and solidified with their flat 
upper surfaces exposed to the air, and convex sur- 
faces in contact with sand. 

There were no gates or risers and all of the heat 
generated during solidification was either conducted 
into the sand or radiated into the air; the weight of 
a given casting yielded precise intelligence of the total 
heat evolved. The exposed upper surface permitted 
calculation of F,, simplified thermal analyses, and 
obviated the need for a gate. Conduction of heat 
into the concave sand mold surfaces could be in- 
terpreted in terms of Equations (2) and (3). 

In one attempst to calculate the solidification time 
of one of the above castings, he must know or assume 
values for the thermal conductivity, density, and spe- 
cific heat of the molding material, and must also 
select some reasonable value for F,. In addition he 
must know the density and heat of fusion of the metal 
being cast. Of these physical quantities accurate val- 
ues are known for all but the thermal conductivity 
of the molding material and F,. In this investigation 
the calculation has been reversed; freezing times 
have been measured experimentally for castings of 
widely differing sizes, and values of F, and thermal 
conductivity which best satisfy all the data have been 
calculated. The specific heat of sand is well known 
and much less sensitive to temperature than is 
thermal conductivity; the density of a rammed sand 
mold is easily determined. 

In addition to measurement of times required for 
complete solidification, some measurements were 
made during solidification which directly yielded in- 
formation on sand thermal properties, independent 
of F,. Such measurements were particularly necessary 
for low melting metals with which F, is quite small. 

Since the experimental investigation was partly 
aimed at measuring F, and the thermal conductivity 
of the molding material, at least two unique deter- 
minations were required to evaluate the two un- 
knowns. Accurate measurement of the freezing times 
of similar shaped castings of widely differing sizes 
met this requirement in providing two equations 
with two unknowns; the fact that radiation from the 
larger casting was relatively greater than that from 
the smaller casting® prevented the two equations 
from being redundant. However, with metals such as 
tin which has a low melting point or aluminum 
which is a very poor radiator (i.e., has a very low 
emissivity), the radiation effect was so small that 
unambiguous interpretation of freezing times alone 
was impossible. 


A. Experimental Procedure 

1. Molding Materials. All molds were of silica 
sand, AFS grain fineness number 80, bonded with 
4 per cent western bentonite and 4 per cent water. 
With the exception of a single series of runs involv- 
ing thermal analyses on pure copper, all tests were 
performed using green sand. When used, dry sand 
molds were prepared in the same way as green sand 
molds but were allowed to stand 24 hr before use. 
Green sand molds were used immediately after ram- 
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ming. All molds were rammed to a density which 
was measured to be 90 lb/cu ft, dry. 

2. Melting and Casting. In each case the metal was 
melted in a conventional manner using a gas-fired 
crucible furnace, and superheated enough to permit 
handling. The metal was then poured into a cold 
clay-graphite crucible. About 14-in. of metal was al- 
lowed to freeze, forming a solid skull inside the cold 
crucible. The remaining liquid was then poured into 
the open top of the mold cavity. 

Filling the mold was done as rapidly as possible, 
and in no case was the time required longer than 
2 sec. The double crucible technique was used in 
order to be certain of pouring liquid metal into the 
mold cavity with substantially zero superheat. It has 
been established by many investigators, and can be 
confirmed theoretically, that by the time 1%-in. of 
solid metal forms at the walls of a container less than 
8 in. in diameter, no part of the remaining liquid 
will be at a temperature measurably above the melt- 
ing point. 

3. Thermal Analysis. To determine solidification 
times a chromel-alumel or chromel-iron thermocouple 
was located with the bead near the thermal center of 
the casting. To enhance thermal contact the hot 
junction of the thermocouple was used bare and the 
immersed thermocouple leads were protected with 
extremely, light gage alundum insulators. The un- 
conventional chromel-iron combination was used for 
copper, because its EMF was convenient for the po- 
tentiometer being used. 

Calibration was not necessary, and contamination 
of bare bead thermocouple junctions of no concern, 
since absolute temperatures were not being measured; 
only the shape of the cooling curve and the length 
of the thermal arrest were required in determining 
solidification times. The positioning of the hot junc- 
tion in the casting was not critical; although a slight 
temperature drop was sometimes observed when the 
metal immediately surrounding the thermocouple 
bead became solid, the thermal arrest did not end 
until all the metal was solid. 

In some cases a thermocouple was located in the 
sand as well as in the metal. In these tests the thermo- 
couple was located directly beneath the casting, about 
Y4-in. from the hemispherical casting surface. After 
the casting had solidified the mold was carefully sec- 
tioned, and the distance from the thermocouple to 
the mold-metal interface was measured precisely. 

4. Bleeding Tests. Bleeding or pour-out tests were 
used to determine times required for partial solidi- 
ification. The mold was mounted on a pivot which 
allowed it to be inverted almost instantaneously 
after a predetermined solidification time. Any metal 
which solidified on the exposed top surface of the 
casting, as a result of heat transfer to the air, was 
carried away by the liquid metal during the pour-out; 
thus the remaining solidified metal reflected heat 
which had entered the sand. 

5. Heat Content. To determine precisely the 
amount of heat transferred to the sand or the sur- 
roundings during complete or partial solidification, 
all castings were weighed. To interpret the data it 
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was therefore not necessary to know the density of 
the cast metal. 


B. Results of Thermal Analyses 


1. Solidification Times. Solidification times were 
determined for castings of copper, aluminum, and 
tin produced using the patterns shown in Fig. 1. In 
all cases the metal was poured with no superheat and 
with the flat top surface completely exposed to the 
surroundings. The time required for complete solid- 
ification was obtained from the length of the thermal 
arrest on the cooling curve transmitted from the 
thermocouple to a recording potentiometer. 

A typical cooling curve for copper is shown in 
Fig. 2, and all measured solidification times are re- 
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Fig. 2— Temperature vs. time in metal and in sand during 
solidification of a green sand copper castings (pattern No. 3). 


TABLE 1 — TIMEs REQUIRED FOR COMPLETE 








SOLIDIFICATION 
Freezing 
Weight, Time. 
Sand Metal Pattern Ib hr 
Green Copper ] 6.69 0.060 
Green Copper 1 7.42 0.086 
Green Copper 2 15.81 0.114 
Green Copper 2 16.34 0.129 
Green Copper 2 15.50 0.110 
Green Copper 3 30.16 0.167 
Green Copper 3 26.53 0.146 
Green Copper 7 16.38 0.106 
Green Aluminum 2 5.00 0.229 
Green Aluminum 2 5.00 0.215 
Green Aluminum z 5.13 0.200 
Green Aluminum 7 4.85 0.200 
Green Tin 2 14.44 0.322 
Green Tin 2 14.66 0.297 
Green Tin 2 14.39 0.288 
Green Tin 7 13.50 0.258 
Green Tin 7 13.70 0.252 
Dry Copper 4 0.672 0.0230 
Dry Copper 4 0.625 0.0215 
Dry Copper 5 1.703 0.0300 
Dry Copper 5 1.734 0.0322 
Dry Copper 5 2.016 0.0342 
Dry Copper 5 2.031 0.0369 
Dry Copper 6 9.80 0.0945 
Dry Copper 6 9.06 0.0805 
Dry Copper 6 9.20 0.0860 
Dry Copper 8 35.75 0.1500 
Dry Copper 8 36.62 0.1675 


Heat FLtow From CAstTIncs 


ported in Table I. In the case of copper there was 
sufficient heat loss by radiation and convection from 
the exposed top surfaces of the castings, which was 
dependent on the size and shape of the casting, to 
permit evaluation of the effective thermal conduc- 
tivity of the sand and the intensity of heat dissipa- 
tion from the exposed surfaces. 


Data for green and dry sand molds were treated 
separately to determine the effect of moisture on 
effective thermal conductivity. The specific quantita- 
tive relationship used to interpret the data, given 
below, is derived from Equations (1), (2), (3), and 
(4), above. The total rate at which heat leaves the 
casting is: simply the sum of heat flows into concave 
spherical mold surfaces, concave cylindrical mold 
surfaces, and into the surroundings from the flat top 
surface of the casting: 
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As before, integration of Equation (6a) in conjunc- 
tion with the heat balance, Equation (4), yields an 
expression which relates the freezing time of the cast- 
ing to its weight, geometry, and thermal characteris- 
tics of the metal and the mold: 
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In Equation (6b) two quantities have been taken as 
unknown, K and F,. Numerical values of other phys- 
ical quantities appearing in Equation (6b) are given 
in Table 2. Using the date in Table I and the geo- 
metric information in Fig. 1, for copper freezing in 
green sand, four equations can be written involving 
the two unknowns. Values for K and F, which best 


TABLE 2— KNOWN THERMAL QUANTITIES 











A. Metals 
Heat of Fusion, H* Melting Point, T,,* 
BTUAb F 
Copper 88.4 1983 
Aluminum 172.0 1217 
Tin 26.1 449 
B. Sand 


Specific Heat, C,* 
Dry Sand Mold 
BTU/Ib F 


0.27 (70-2000 F) 
0.27 (70-1200 F) 
0.22 (70-400 F) 
*Kelley, K. K., “Contributions to Data on Theoretical Metal- 
lurgy.” X - Bureau of Mines Bulletin 476. 
** Measured. 


Density,** 
Dry Sand Mold 





90 Ib /ft® 
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satisfy all four equations are included in Table 3, 
where also similarly determined values for copper 
cast in dry sand are presented. 

The above calculation depends upon a relatively 
large flow of heat from the flat surface to the sur- 
roundings; tin and aluminum, being poor radiators, 
did not fulfill this requirement. However, using 
auxiliary information on sand thermal conductivity, 
solidification times of tin and aluminum castings 
were used to determine this small radiation and con- 
vection heat loss. These values, also determined using 
Equation (6b), appear in Table 3. 

2. Temperature Variations in the Sand. If the 
thermal properties of sand did not vary with tempera- 
ture, a point in the sand a short distance from the 
spherical casting surface would experience an initial 
increase in temperature with passage of time in ac- 
cordance with Equation (2b). A typical time-tempera- 
ture history for such a point is shown in Fig. 2; by 
taking cognizance of the form of Equation (2b), the 
time-temperature data may be replotted so as to yield 
a value for the thermal diffusivity of the sand. Equa- 
tion (2b) may be rewritten:* 
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the slope of the resulting line is equal to the square 
root of thermal diffusivity; the sand temperature data 
of Fig. 2, for a copper casting, has been represented 
in this way in Fig. 3, along with a similar plot for 
temperature variation near an aluminum casting sur- 
face. If thermal properties were independent of tem- 
perature, the lines in Fig. 3 would be straight, and 
the slopes, therefore, constant. Since the lines are 
nearly straight over a considerable range, a repre- 
sentative value for thermal diffusivity can be obtained. 
Then using known values for density and specific 
heat of molding sand, the thermal conductivity can 
be calculated. Values so obtained for copper and 
aluminum cast into green sand are included in Table 
3. It may be seen that the comparison between two 
distinctly different thermal measurements of effective 
conductivity, in the case of copper, yield values in 
close agreement. 


C. Results of Bleeding or Pour-out Tests 


For determination of times required for partial 
solidification of very pure metals, cast into sand 
molds, the much used and much abused pour-out 
test is the most precise technique. However, if the 
metal is not very pure, and has a relatively high 
thermal conductivity, large amounts of liquid will 
be retained interdendritically during pour-out, and 
when the sample is weighed or measured misleading 
results will be obtained. Thus, great success was en- 
joyed using bleeding tests with very high purity tin, 
but similar attempts with commercial purity alumi- 
num failed completely. 


“a, can be read “the number whose error function is a.” 
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Here, again, the governing relationship is Equa- 
tion (6b), but since any metal which freezes as a re- 
sult of radiation or convection heat transfer from the 
flat upper surface, is poured out with the liquid 
metal, the weight of the remaining solid metal shell 
reflects only that heat transferred into the sand mold 
by conduction. The last term in Equation (6b), 
therefore, disappears. When the weight of the solid 
shell divided by the square root of the time required 
for it to form is plotted against the square root of 
time, the data fall along a straight line having a pos- 
itive slope, as shown in Fig. 4. 

The intersection of the extrapolated straight line 
with the ordinate axis is a direct measure of the 


TABLE 3— VALUES OF K AND F, DETERMINED 
IN THIS INVESTIGATION 








K A 
BTU /ft hr BTU /ft® 
Metal Sand °F hr Method 
Copper Dry 0.33+0.02 24,600+1000 Freezing Time 


Copper Green 0.36+0.02 24,600+1000 Freezing Time 
Copper Green 0.38+0.03 _ Sand Temperature 
Aluminum Green 0.33+0.03 a Sand Temperature 
Aluminum Green -— 2,200+ 400 Freezing Time 






















Tin Green 0.44+0.02 _ Bleeding Tests 
Tin Green — 860+ 200 Freezing Time 
0.14- “"T T T T T T 
a Slope=0.125 7 
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Fig 3 — Green sand temperature data taken near the surfaces 
of copper (top curve) and aluminum (bottom curve) castings 
(pattern Nos. 3, 7). _Data plotted such that slope equals 
V Thermal Dittusivity 
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Date shown for aluminum and tin (pattern No. 2). Slope and 

intercept are independent measure of thermal conductivity. 

Points farthest right represent times and weights for complete 

solidification. Point marked “x” for aluminum derived from 

sand temperature data. (A line drawn with the right slope from 

“x” hits the point of complete solidification for aluminum, but 
falls far below pour-out points.) 
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product conductivity times density times specific 
heat for the molding material under the conditions 
of heat flow prevailing. The positive slope of the 
straight line is a direct measure of thermal conduc- 
tivity alone. Results of bleeding tests using tin and 
aluminum in conjunction with pattern No. 2 (see 
Fig. 1), yielded data of value only for tin. 

Using the known values for density and specific 
heat of the molding material, the extrapolation and 
slope gave independent values of thermal conduc- 
tivity using tin which were in close agreement 
(Table 3). In Fig. 4 the points furthest out on the 
time axis were determined from thermal analyses, 
and represent times required for complete solidifica- 
tion. These points fall slightly above the straight 
line, because that metal which solidifies as a result 
of radiant and convection heat loss is, of course, in- 
cluded in the weight of the totally solid casting. 

The complete failure of aluminum to yield reliable 
data in pour-out tests is evident from scrutiny of 
Fig. 4. The straight line for aluminum shown in 
Fig. 4 was derived using thermal conductivity ob- 
tained from sand temperature measurements near 
aluminum casting surfaces, and from the time re- 
quired for complete solidification. The bleeding test 
points fall far above the straight line, indicating a 
large amount of liquid metal remained entrained in 
the solid shell after pour-out. If ultra high purity 
aluminum had been used, the points would probably 
have fallen much nearer the straight line. These 
tests conclusively spell out both the unique advan- 
tages and extreme limitations of the pour-out test 
which remains, however, potentially valuable as a 
precise technique when properly used for determina- 
tion of mold thermal properties. 


V. Summary and Conclusions 

Consideration of heat flow from castings having 
very elementary shapes has permitted quantitative 
interpretation of experimental results, and has pro- 
vided a basis for better understanding of heat con- 
duction in complicated sand molds. Given appro- 
priate thermal data, it is possible to calculate rates 
and times of solidification for three simple shapes 
(the sphere, the slab, and the cylinder); although 
these shapes are of a symmetry seldom encountered 
in practice, calculations clearly indicate the role of 
mold contour in heat conduction. 

As a consequence, the familiar Chvorinov approx- 
imation can be made exact for the simple shapes, 
and can be judiciously used and improved for cal- 
culations concerning real castings. Each of the simple 
shapes has its own characteristic Chvorinov constant. 
Ths constant is almost the same for a sphere as for a 
cylinder, and the value corresponding to these shapes 
would presumably give valid answers of engineering 
accuracy for all chunky or bar-shaped castings. The 
constant is significantly different for plate-shaped or 
thin-walled hollow castings. 

Patterns designed with a view to quantitative in- 
terpretation have been used to make unambiguous 
measurements of the thermal conductivity of green 
and dry molding sand, with a complete absence of 
complicated edge effects and boundary conditions. 


Heat Fitow From CastIincs 


The results indicate that under casting conditions 
the effective value of thermal conductivity depends 
but slightly upon moisture content, and melting 
point of the metal being cast. For example, copper 
freezes about 10 per cent more rapidly in green than 
in dry sand; the effective conductivity of green sand 
in contact with aluminum is about 10 per cent less 
than that in contact with copper. 

It is well known that the conductivity of dry ag- 
gregates increases with increasing temperature, and 
the comparison between aluminum and copper bears 
this out to a small degree. However, when the melting 
point of the metal is not greatly above the boiling 
point of water, the presence of moisture in the sand 
as a mass heat transfer medium makes an important 
contribution to the solidification rate of the casting. 
Thus, in spite of the low temperature, green sand 
exhibits a relatively high effective thermal conduc- 
tivity in contact with tin. 

Auxiliary information on radiant and convection 
heat loss from exposed top surfaces shows the ex- 
pected and marked influence of temperature, prin- 
cipally in connection with radiation heat transfer. 
The experimental determinations in the case of cop- 
per were quite accurate in that about 30 per cent of 
the heat removed from most of the copper castings 
during solidification was radiated from the casting. 

In interpreting the data, it has been assumed, 
throughout, the surface temperature of the castings 
during solidification was the melting point of the 
metal. In all cases this assumption has been found 
correct to within 20 F. The data are intended to be 
used in conjunction with equations like (5a), (5b), 
(5c) for thermal calculations on castings. It is hoped 
and intended further investigation will include work 
on metals having higher melting points and the data 
will be conservatively accumulated on castings having 
slightly more complicated shapes. Only in this way 
can firm predictions of solidification rates and times 
be made possible for the foundry engineer. A similar 
parallel research program will eventually make pos- 
itive comparisons between various mold materials 
whose relative chilling capacity has been a matter 
for some disagreement. 
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QUALITY CONTROL FOR THE FOUNDRY FOREMAN 


By 


Jules J. Henry* 


ABSTRACT 


This paper points out the need for a quality control 
program and how the foreman shares the responsibility. 
It suggests ways that supervision can use statistics to 
control quality and explains the factors that must be 
controlled. Examples are given of specific uses of charts 
and graphs in foundries and how they can be of use to 
the foundry foreman. 


Introduction 


All too often quality control has been thought of as 
something mysterious involving a lot of statistics and 
a phase of operations that is much too technical for 
the foundry foreman. Recently great strides have been 
made in dissipating this misconception and in bring- 
ing quality control to the foundry foreman for his 
use in operations. 

First it must be clearly understood that every com- 
pany, no matter how large or small, must have a 
quality control program of some kind. Many cast- 
ings have strength and hardness specifications to 
meet, some have rigid chemical requirements, and 
some have critical dimensions which must be held. 
More and more customers are demanding that cast- 
ings meet these requirements, and the foundries that 
can do this will stay in business and prosper. 

Many companies do not have a formal quality con- 
trol department, but do have some method of con- 
trolling their scrap and the quality of their castings. 
Frequently, it is part of the foreman’s duties to con- 
trol scrap and to make castings to the customer's 
specifications. A quality control program of some 
kind will generally help the foundry foreman to 
meet these requirements. This is particularly true 
when the foreman understands that a quality control 
program need not be highly technical and exists only 
to help him to solve some of his problems. 


Kinds of Quality Control Programs 

Many large businesses have quality control depart- 
ments that are entirely divorced from operating per- 
sonnel. This type of program is generally on a staff 
level and consists of specialists who set up rules and 
procedures for quality control. It is expected that the 
supervisory force will adhere to these standard pro- 
cedures. 


*Product Development Director, Missouri Steel Castings Co., 
Joplin, Mo. 
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In most foundries, although some may have a qual- 
ity control department, responsibility for quality is 
not delegated to this department alone. Quality is 
the responsibility of many people, including inspec- 
tors, sales and service personnel, and, most of all, 
supervisory personnel—which means foundry fore- 
men. So to repeat, quality control in most foundries 
is not something that the foreman can ignore and 
pass on to the quality control department, but it is 
the responsibility of all the employees together—and 
together, they can control quality and improve it. 

Now, when looking at this picture of quality con- 
trol closely, it can be seen that it is the workman 
under the direction of the foreman who builds qual- 
ity into a casting. Inspectors cannot inspect quality 
into a casting, but they can inform the foreman on 
what the quality level is. Nor can the sales and service 
department make quality castings by telling the cus- 
tomer that the castings are excellent, but they can 
inform the foreman as to what quality the customer 
is demanding in the castings. Even a quality con- 
trol department cannot possibly engineer quality into 
a casting alone, but it can assist the foreman in con- 
trolling the various factors that go into the produc- 
tion of a quality product. 


Factors of Quality Control 
In other words, quality must be built into a prod- 
uct. It cannot be inspected or talked into it. There- 
fore, to control or improve quality, a foreman must 
control the various factors that contribute to build- 
ing quality. These factors are shown in Table 1. 


TABLE | — THE Four M’s oF QUALITY 





3. Machines 
4. Methods 


1, Manpower 
2. Materials 





1. Manpower 


The first thought on manpower might be that this 
factor should be a responsibility of the Personnel De- 
partment, but the foreman must also know whether 
the employee is capable of doing the job cor- 
rectly. The Personnel Department may obtain the 
services of a cope and drag molder, but the foreman 
must find out the type of work he is best able to do. 
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Some items that the foreman should be aware of in 
the control of manpower are shown in Table 2. 


TABLE 2 — FAcTorRs IN THE CONTROL OF MANPOWER 





3. Morale 
4. Good Housekeeping 


1. Selection and Placement 
2. Instruction and Training 





a) Selection and Placement. Screening employees for 
the job will eliminate “misfits.” 

b) Instruction and Training. Employees should be 
thoroughly trained to do quality work. 

c) Morale. Promoting desirable work attitudes is an 
important function of the foreman. 

d) Good Housekeeping. This factor will encourage 
the employees to produce quality work. 


2. Materials 

Frequently a purchasing department will handle 
the procurement of materials, but the foreman has 
the responsibility for items in Table 3. 


TABLE 3 — FACTORS IN THE CONTROL OF MATERIALS 





1. Know Materials 
2. Provide Correct Materials 





a) Know Materials. The foreman should know the 
materials that the employee is expected to work 
with. Molding foremen should know sand—what 
makes good sand, how much moisture, etc. Grind- 
ing foremen should know the different grinding 
wheels. Pattern Shop foremen should know the 
various woods and metals normally used in pat- 
terns. 

b) Provide Correct Materials. Not only should the 
foreman know his materials, but he should also 
see that his workers are provided with the proper 
materials. Coremakers should get the right sand, 
cleaners and pasters should have good paste, well- 
prepared washes, etc. When these materials do not 
come up to specification, it is the responsibility 
of the foreman to have them removed and start 
steps to correct faulty material. 


3. Machinery 


Items to control in the third factor for the produc- 
tion of quality work are shown in Table 4. 


TABLE 4— FACTORS IN THE CONTROL OF MACHINES 





1. Use Correct Tools 
2. Keep Equipment in Good Condition 





The employees must have the proper tools and equip- 
ment which should be in good condition. When an 
employee calls attention to tools and equipment that 
are not functioning correctly, the foreman will take 
immediate steps to correct the trouble. He will not 
wait until scrap is produced or the equipment breaks 
down before taking action. 


4. Methods 

This factor has to do with scrap control and reduc- 
tion. It is usually part of the foremen’s duty to con- 
trol scrap, and the method frequently used is to see 
how much scrap is made and then correct the causes. 
This has worked well enough in the past and can 
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be continued in the future, but some additional steps 
that might be taken to prevent scrap from being 
produced are shown in Table 5. 


TABLE 5 — FACTORS IN THE CONTROL OF METHODS 





4. Sample Inspection 
5. Specification or Trouble File 
6. Anticipation 


1. Quality Checking 
2. Standardization 
3. First Piece Inspection 





a) Quality Checking. This means continual checking 
of workmanship at frequent intervals. Many 
causes of scrap are quite easy to see by just watch- 
ing the workers and observing how they do their 
job. 

b) Standardization. There should be certain correct 
ways to do every job, and the foreman should 
check his men to see that they are following these 
correct procedures. 

c) First Piece Inspection. This is an excellent way to 
control quality by starting correctly. 

d) Sample Inspection. After starting out on the right 
foot, frequent “sample inspection” will keep the 
ball rolling in the right direction. 

d) Specification or Trouble File. A good aid in con- 
trolling quality by eliminating the need for de- 
pending on memory. 

e) Anticipation. Look for trouble instead of waiting 
for it to happen. Set up devices to keep trouble 
from happening, and if it does happen, set up 
procedures and checks to prevent it from hap- 
pening again. 
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Fig. 1— Graph showing percentage of scrap at individual 
molding stations. 
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Quality Control Techniques 

The four main factors of quality can be controlled 
with the aid of graphs and charts which are some of 
the techniques used in a quality control program. 
To help in the control of manpower, graphs can be 
made on each worker to show how much scrap he is 
producing. Figure | is a scrap per cent graph of 
each individual molding station. It is easy to see that 
one station seems to do better than the other. The 
foreman may guess this or can find it out by checking 
over the past records, but how much easier and time- 
saving it is to just look at these graphs. Now he has 
an unbiased evaluation much quicker than searching 
past records. 

A big help in job standardization is a job speci- 
fication card shown in Fig. 2. On this card are listed 
most of the active jobs and all the information needed 
to make a quality casting—flask size, jacket size, and 
all the information a foreman needs to make a good 
mold. Now this card is not absolutely necessary, and 
many good castings are being made without its use. 
It can, however, be a big help in assisting the foreman 
to get everything exactly right. No guesswork—one 
look at the card shows how the job was run the last 
time it was in the sand. 

The place where quality control procedures do the 
most good seems to be in the second factor—materials. 
Sand testing is aimed strictly at helping the foreman 
to provide the molders and coremakers with a uni- 
form, consistant material from which he can make 
quality molds and cores. Checking of melting proced- 
ures helps assure that the metal going into the molds 
will be uniform in analysis, as well as in temperature. 
For all these tests, statistical quality control can be 
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used to produce charts and graphs to show the fore- 
man the condition of his material at all times. 


Statistical Quality Control 
This phrase means exactly what the name says— 


the use of statistics to control quality. So far we have 
seen that quality control is nothing new or fancy, just 
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Fig. 3 — Quality control chart of moisture content in facing 
sand. 
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Fig. 2 — Specification card for standardization of procedures. 


Fig. 4 — Quality control chart of carbon analyses. 








180 


good common sense—something that we have had 
right along. Statistical quality control, however, is 
something new—it is a new tool for the control of 
quality that has been developed in the past 10 or 15 
years. In this phase of quality control, graphs, charts, 
data are used to study and analyze various problems. 
It must be remembered, however, that: 


1) Statistical quality control does not solve problems 
by itself—but it can show where trouble is and 
can suggest pcssible remedies. 

2) Statistical quality control is a tool and, like a tool, 
can be used as little or as much as desired and can 
give benefits great or small. It has certain advant- 
ages, but it also has limits and the skill of the user 
can change its effectiveness. 


Briefly, statistical quality contro! is based on the 
fact that everything will vary to some degree. Statis- 
tics by the use of the probability curve has devel- 
oped a means whereby we can tell with reasonable 
accuracy whether the process is in or out of control 
with just a little bit of data. This method is the aver- 
age and range chart that is used to a great extent 
in industry. Figure 3 shows an X and R chart of 
moisture in sand. Figure 4 shows an X and R chart 
of carbon content in steel. These charts have been 
compared to an automobile driven down a paved 
road that has a gravel strip on each side. As long as 
we stay on the pavement (within the control limits), 
we are in control, but when we get on the gravel, we 
are in the dangerous area—out of control—and results 
can become serious if no action is taken. 

Right here is the place where the success or failure 
of any quality control program is determined. The 
big question is, “Will some corrective action be taken 
when statistical quality control shows the operation 
is out of limits?’ An affirmative answer by the fore- 
man will assure an effective quality control program. 


Summary 
These are the main items that this paper would 
like to emphasize: 


1) The responsibility for quality work rests with all 
of supervision, jointly. 

2) Quality must be built into a product. 

3) Quality is achieved by controlling the factors that 
go into the making of good work. These are: 
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I. Manpower, II. Material, HI. Machines, 
IV. Methods. 

4) Quality control techniques can help control these 
factors. 

5) Statistical quality control is a tool that can be used 
to reduce scrap and control quality. 


DISCUSSION 


W. K. Bock! (Written Discussion): Mr. Henry’s point that con- 
trol of quality is part of the foreman’s job is well taken. It is not 
always easy for a foundryman to know when the quality of work 
in his department is unsatisfactory. If the inspector rejects 
castings for causes which are traceable to the foreman’s depart- 
ment, he then knows that something has gone wrong. Similarly, 
if the customer rejects a shipment of castings because of de- 
fects traceable to the foreman’s department, he again learns that 
his men have done some sub-standard work. Feed back of in- 
formation from either of these two sources is an old thing in 
the foundry. 

The quality control program, basically, does not do anything 
new. The control chart also tells the foreman that there has 
been some unsatisfactory work in his department. No matter how 
he finds out, it is then the foreman’s job to find out where the 
difficulty occurred, the cause of it and to take measures to 
remedy it. 

The quality control program has two distinct advantages over 
the other two methods of informing the foreman of trouble. 
If he waits for the inspector’s report, it may be a matter of days 
later that he learns what has happened and if he waits for a 
customer complaint, it may be weeks later before he finds that 
his men have done something unsatisfactory. The quality control 
program, in contrast, informs him within an hour or so of the 
actual occurrence. 

If some change occurred in his department, it is easy enough 
to recall that fact an hour or two later. It is somewhat difficult 
to recall it with any accuracy days later, and almost impossible 
to do so weeks later. 

There is another distinct advantage to the quality control 
program. In every process, there is a certain amount of variability 
and, occasionally, an extreme value will occur just by chance. 
Nothing has really changed in the production and the result is 
just one of those things. These extreme values are, of course, 
rather rare and there are times when someone finds them dis- 
pleasing. The result is that the foreman is asked to find out 
what happened. I am quite sure that there are a lot of trouble- 
shooting reports which are pure snow jobs because someone had 
to find the reason for a given result and, of course, did find one. 
With a quality control program, this situation is remedied to 
some extent, because only those results which are out of con- 
trol are made subject of investigation. It is only these points 
where we have a chance of finding a real cause. The points 
which are extreme, but in control, are accepted as normal and 
no investigation is made. This latter point, if followed exactly, 
would save a lot of a foreman’s time. 


1. Manager of Metallurgical Research, National Malleable and Steel 
Castings Co., Cleveland 








NEW FOUNDRY TESTING METHODS 
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Carl A. Koerner* 


ABSTRACT 


The foundry industry is being forced by competition 
to improve and insure better quality products. To meet 
this challenge, the company with which the author is 
associated is using some of the very latest foundry test- 
ing methods, some of which are its own developments. 

Cobalt radiography is being used extensively as a tool 
for improving gating and as a quality control check. 
Sound waves are being used like radar to pick out hid- 
den defects. The Sonic tester has been developed which 
separates good and bad castings by measuring the fre- 
quency vibration of a casting. Hard and soft castings 
can be sorted electronically. 

As the casting user continues in his effort towards 
improved production processes to better his own prod- 
ucts, the foundry industry must continue its search for 
improved inspection methods. 


From the customers’ standpoint, casting inspection 
is a matter of economics. The customer must purchase 
the highest quality material at the lowest possible 
cost. In order to remain competitive, he has found it 
necessary to develop new processes and techniques 
of manufacturing and, in so doing, has turned to 
automatic equipment. Of course, this type of equip- 
ment, to operate efficiently, requires castings of uni- 
form size and quality. As a consequence, customer 
specifications for castings are more restrictive than 
ever before. 

To satisfy these requirements, the company’s cen- 
tral foundry division has investigated and adopted 
new methods of inspection and control. We feel that 
quality is never an accident, but a result of high in- 
tentions, genuine effort, intelligent direction, skillful 
execution. Quality is built into the casting in every 
operation. 

To assure our customers that they will receive qual- 
ity castings, foundry engineers have designed and 
built new inspection devices and machinery which 
are used to improve and measure the quality of our 
castings. 


Radiography 
With the advent of commercial radiography, a vast 
new area of casting inspection was opened and the 
atomic age was brought to our foundries. The many 
critical applications of malleable and pearlitic malle- 
able iron demanded that castings be free of porosity 
and be sound in every respect. The cobalt-60 radio- 
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graphy unit has satisfied these demands. It has pro- 
vided another means of non-destructive testing, in 
fact, the most modern known to science, to detect the 
presence or absence of defects in castings. 

The installations contain a 30-curie cobalt-60 unit, 
housed in special windowless buildings having 
poured concrete walls 3 ft thick (Fig. 1). Both in- 
stallations include an office and dark room. 

The radioactive cobalt-60 was produced in the 
atomic reactor at Arco, Idaho. The cobalt source 
emits gamma rays, the same type of ray produced 
through x-ray, but the 30-curie source, whose physi- 
cal size is approximately that of a pencil eraser, has 
the equivalent penetrating power of a two-million 
volt x-ray machine. 

Authorization from the Atomic Energy Commission 
was required before the cobalt source could be pur- 
chased. The authorization was granted after all recom- 
mended protective features, such as interlocked door 
and signal warning lights, were installed in the con- 
crete building to guard against radiation hazards. 

This radiation, like x-ray, must be respected at all 
times and carefully controlled by trained personnel. 
To provide such control the unit is operated remotely, 
so that the operator is not in the room when the 
“pill” is in the exposed position (Fig. 2). 
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As a safety precaution all personnel wear film 
badges and pocket dosimeters while working with the 
cobalt. The pocket dosimeter records the cumulative 
amount of radiation and may be read at any time, 
while the film badge is a permanent record of expos- 
ure (Fig. 3). A gamma survey meter is used after 
each exposure to check the safety of the room before 
the operator continues his work (Fig. 4). 

The cobalt source or “pill” is contained in a small 
stainless steel capsule in the center of the 1000-Ib 
lead pot. The “pill” is ejected from the center of the 
pot by remote control (Fig. 5). The lead pot is 
mounted on wheels and has a hoisting and tilting 
mechanism for positioning. Castings are placed on a 
lead-faced table and the film is placed between the 
casting and the lead. 

Exposure time is controlled by several factors such 
as size and age of the cobalt source, type of film used, 
casting section size, and distance from the source of 
the film. All developed radiographs are read on a 
high intensity viewer which aids the radiographer in 
detecting any voids shown on the film (Fig. 6). A 
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trained technician is needed to handle the equipmen 
correctly and safely. Training is also necessary to reac 
and interpret the prints accurately. 

To date our installations are being utilized prima 
rily on experiment?! and development work and on 
patterns for new parts going into production. In pro- 
ducing sound, shrink-free castings, the size and loca 
tion of the gates and feeder bobs are of the utmos 
importance. The cost of the casting is direct); 
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aifected by the yield, gate-removal labor, castings per 
mold, and other factors governed by gating design. 

Figure 7 shows the typical malleable iron gating of 
a power steering housing. The shrink bobs are large 
and plentiful. The yield on this mold is 48 per cent. 
This gating was considered necessary to make a sound 
casting. 

Development of a better gating layout is done step 
by step through a series of changes. Radiography 
shows the degree or lack of improvement brought 
about by each change. This gives the experienced 
development people clues on what to try on the next 
test. 

The usual practice of inspection for porosity was to 
break the casting in the white iron state and then 
double check by cutting and etching annealed cast- 
ings. This is a time-consuming and expensive process 
and there is no guarantee that the casting will be 
broken or cut through the shrink area. 

Figure 8 shows the new gating after development. 
The yield of this 4-on mold is 61 per cent, an in- 
crease of 13 per cent over the 3-on mold and an in- 
crease of 22 per cent over a previous 2-on pattern. 
In addition, two chills were eliminated from each 
casting, and the percentage of leakers dropped from 
over 2 per cent to less than 0.5 per cent. A total of 
257 radiographic exposures was taken in this develop- 
ment. The immense aid given by cobalt-60 to this gat- 
ing project enabled us to realize savings much sooner 
and more positively than would have been otherwise 
possible. 

Radiography is also used in the program of in- 
creasing the “good melt” on high production patterns. 
A study of the degree of porosity in the bobs gives an 
indication as to whether or not the bob is effectively 
designed. 

Figure 9 shows a typical example of feeders which 
were much larger than needed. By progressively cut- 
ting down each of the nine bobs and radiographing 
the pilot models, porosity was extended through the 
gates into each casting. Then, by backing up and 
adding to the bob, the porosity was located in a safe 
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area in the bob behind the breaking point in the 
gate. 

Figure 10 shows the results of the study. The al- 
tered pattern saves 8.8 lb per mold, which represents 
a yield increase from 36 to 40 per cent. Without the 
use of cobalt-60, we would have been hampered con- 
siderably in a program of this type. 

Rejects by sonic and fluorescent inspection are 
checked by radiography to identify the defects and 
check the accuracy of these production inspection 
operations. Customer returns are also radiographed 
and analyzed for corrective action. 

The benefits of this process are numerous. Im- 
proved production economies resulting from in- 
creased “good melt” are most outstanding. The as- 
surance of internal soundness permits a minimum 
safety factor in gating and closer design limits. The 
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time element in development is greatly reduced. Ra- 
diography enables sound casting techniques with a 
minimum of pilot casting trials. 

The process broadens sales opportunities by aiding 
in enlarging the scope of casting application in in- 
dustry. Customer good will is increased through 
prompt deliveries, low rejection rates, reduced incom- 
ing inspection and less incurred manufacturing costs 
on scrap castings. Also, the installation is relatively 
inexpensive, requires little space and has a very 
low maintenance cost. 

The potential of this process is virtually unlimited. 
We are confident our installations will aid in assuring 
our customers castings of the highest quality. 

Sonic Testing 

As more and more castings replace forgings on 
highly stressed critical applications, new and faster 
methods must be devised to check the internal as 
well as the external soundness of every casting to in- 
sure the customer defect-free high quality parts. 

On certain castings, such as crankshafts and trans- 
mission gear cages, fluorescent penetrant and mag- 
netic particle inspection are used to help the inspec- 
tor to visually detect cracks. However, these methods 
are limited to surface or very shallow subsurface de- 
fects. 

The sonic tester is a new non-destructive device 
which will check the internal structure of a casting 





Figure 11 








Figure 12 


New TEsTING METHODS 


as well as the surface. This method is being used ex- 
tensively in company plants on such parts as slip 
yokes, brake and clutch pedals and crankshafts (Fig. 
11). 

Basically, the procedure for testing sonically is to 
set the casting into vibration by some mechanical or 
electrical means and pick up and record the fre- 
quency of the vibration, the theory being that if the 
castings are identical or nearly so, the frequency with 
which they vibrate should be the same or within a 
definite range. If defective, the casting would vibrate 
at some totally different frequency. 

A preliminary test must first be made to compile 
data needed to set up the electronic selector equip- 
ment used in production inspection. Castings are 
sounded into a microphone which is connected to an 
amplifier and a series of frequency-sensitive instru- 
ments. By manipulating the various components of 
this device, the exact frequency of each of the test 
castings can be determined. 

Then, by plotting the frequency of castings that 
are known to be good against those that are known 
to be defective, a frequency range of acceptability can 
be set up. This information is then transferred to the 
discriminators on the sonic tester. 

A number of production machines using these 
fundamental principles have been put into operation 
in the company plants. A description of the machine 
designed specifically to test slip yokes may prove in- 
teresting. 

From basic experiments a production machine was 
built. This machine was designed to handle 1200 
pieces per hour and automatically separate defective 
castings from those that are considered commercially 
acceptable. 

The machine (Fig. 12) was designed with a load- 
ing zone where the operator picks a casting from a 
hopper and places it in a fixed position. By cam 
operation, the machine automatically grabs the cast- 
ing and takes it into the sonic booth for the second 
operation. 

The next position is the striking zone. Here an air 
cylinder automatically strikes a steel ball, which in 
turn hits the casting, causing a natural frequency 
vibration. The casting is struck so that one ear re- 
ceives the blow, while the other ear transmits the 
vibration directly into the microphone (Fig. 13). The 
vibrations are sent through the electronic equipment 
and discriminators. 

If the equipment determines the part good, a se- 
ries of relays is activated and the casting is dropped 
at the third position (Fig. 14). All good castings re- 
ceive a small spray of paint to identify them as 
checked and sonically OK'd. 

At the fourth station, if the electronic equipment 
determines the casting defective, it is automatically 
dropped into the defective hopper (Fig. 15). The 
machine is designed so that if anything goes wrong, 
all castings will also go into the defective hopper. 

The sonic testers will detect both surface cracks 
and interior defects such as shrink, porosity, or en- 
trained slag. In running tests, some interior defects 
have been found that do not show up by the usual 
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method of testing. For instance, once while checking 
yokes a high percentage of castings was being re- 
jected. A check revealed that hard-quenched castings 
were mixed with soft drawn castings and the sonic 
test was rejecting the harder parts. 

In another instance about 50 per cent reject cast- 
ings were found. On closer inspection the reason 
proved to be a pattern change. A small rib had been 
removed from all the patterns but one, causing the 
machine to reject that particular casting. 

On another test of 1600 castings, there was no 
apparent defect on six of the rejects. A closer check 
revealed that the metallurgical analysis on these par- 
ticular castings was too high in carbon and silicon 
and out of the accepted range. 

It must be remembered that sonic testing of this 
nature is a comparative method of checking. Casting 
shape, weight, hardness, and analysis must be identi- 
cal or within a close range. The range set on the 
discriminators varies with different parts. By tighten- 
ing the acceptable frequency range, only the most 
identical of parts will be accepted. Conversely, by 
loosening the limits, almost all castings could pass 
the test. 

The use of the sonic tester is somewhat limited 
because it is necessary that production be high in 
order to warrant the high cost of the equipment. It 
should also be pointed out that sonic testing at the 
present stage of development is not the easy answer 
to every foundry inspection problem, as some cast- 
ings of irregular section and complicated design have 
a number of frequency ranges which make sonic test- 
ing very difficult. 

However, it is felt that with more work and accu- 
mulated experience this method of testing will be 
used successfully in the future on a much wider 
range of castings. 


Electronic Hardness Testers 


In 1946, casting of ArmaSteel rocker arms on a 
high-production basis was started, with forecasts in- 
dicating even greater volume in the future. Arma- 
Steel rocker arms have properties comparable to 
forged steel rocker arms of the medium carbon range. 
They are capable of responding to heat treatment 
through changes in the quantity of combined carbon 
content. 

Consequently, it became necessary to achieve a high 
degree of control over the combined carbon content. 
This was best accomplished through hardness con- 
trol, casting hardness being a function of combined 
carbon content. 

Originally, the Brinell ball impression method of 
hardness testing was employed. However, experience 
showed that this method was both expensive and un- 
reliable. Only 500 pieces per man-hour could be 
tested with the Brinell system. With rocker arm pro- 
duction numbering in the millions each month, it 
was highly impractical to test rocker arms by the 
Brinell test. 

Further, the accuracy of the results of the Brinell 
hardness test was greatly influenced by the human 
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element. Error could easily develop at many points in 
the testing procedure. 

Still further, the Brinell test was undesirable be- 
cause the ball impression frequently made the casting 
unusable, due to slight mislocation of the test im- 
pressions. Because of the expense and unreliability 
of the Brinell hardness test, it was decided to explore 
non-destructive means of checking the hardness of 
rocker arms that were less subject to human error. 

The method finally selected was based on the 
magnetic retentivity of the rocker arms. This method 
was applicable because the magnetic retentivity of a 
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given mass is, like hardness, a function of the com- 
bined carbon content of that mass. Experiments 
showed that dropping a magnetized rocker arm 
through a coil and measuring the electrical impulse 
resulted in a uniform curve showing the retentivity 
as a direct function of the hardness. Using this prin- 
ciple, the electronic hardness tester was developed. 

With the aid of a schematic diagram, the operation 
of one cycle of the electronic hardness tester will be 
described (Fig. 16). 


1) The rocker arm is dropped into the plastic tube 
at the mouth of the tester. 

2) As the casting passes through the initiating coil, 
the 125 volt (DC) magnetizing coil is energized 
for a timed interval. 

3) The magnetizing coil has sufficient force to pull 
the casting into its magnetic center for saturating, 
suspending the casting in this position for approxi- 
mately one-third of a second. 

4) The casting then drops by free-fall through a dou- 
ble-wound pick-up coil, each pick-up coil feeds 
its electrical impulse to its own respective circuit. 
One circuit is set to accept or reject on the basis 
of the high magnetic retentivity limit or hard-side 
limit, while the other circuit is set to accept or re- 
ject on the basis of the low magnetic retentivity 
limit or soft-side limit. 

5) If both pick-up circuits find the magnetic reten- 
tivity of the casting within the acceptable limits, 
the “butterfly-gate” will remain in the indicated 
position, directing the rocker arm into the “good” 
casting chute. 

6) If, however, one of the pick-up circuits finds the 
magnetic retentivity outside the acceptable limits, 
the “butterfly-gate” is activated through a series 
of relays and the rocker arm is directed into the 
reject casting chute. 


The limits of the pick-up circuits are set by stand- 
ard sets of rocker arms. Each standard set of rocker 
arms consists of two pairs of castings. One of each 
pair is 0.1 mm within the allowable range and 0.1 
mm outside the allowable range, at each end of the 
hardness range. The machine is set up to accept both 
castings within the limits, and to reject both castings 
(hard and soft) outside the limits. 


An interesting development shortly after the instal- 
lation of the electronic hardness tester reduced the 
number of sceptics considerably. Brinell tests on a 
certain group of rocker arms indicated that the cast- 
ings were within the acceptable hardness range. On 
the other hand, the electronic hardness tester repeat- 
edly rejected the rocker arms. 

Over-riding the results of the electronic hardness 
tester, the castings were shipped to the customer. 
Problems in the customer’s machining operations de- 
veloped immediately. Tool life was shortened and 
several drills were broken. 

Further investigation indicated that a grinding 
operation at the gate, after the final draw operation, 
was causing localized hardening of the gate area. The 
Brinell impression was not in the gate area, and con- 
sequently failed to reject the castings. 
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The process routing of the castings was changed 
so that the gate-grind operation preceded the fina! 
draw operation. As a result of this occurrence, con- 
siderably more faith was registered in the favor of new 
electronic methods of checking hardness of rocker 
arms. 

The electronic hardness tester, as already pointed 
out, has many factors in its favor when compared to 
impression hardness testing. However, one factor, per- 
haps the greatest in its favor, is the fact that elec- 
tronic hardness testing is far more economical. 

The production of the electronic hardness tester is 
5,000 pieces per man-hour. This figure is ten times 
that of Brinell hardness testing. From the manpower 
standpoint, six people per shift are required on the 
electronic hardness tester to accomplish what 60 peo- 
ple would do with Brinell impression machines. 

We have developed the electronic hardness tester 
for the purpose of qualifying rocker arm hardness. 
However, should high production on any given job 
warrant the initial equipment costs, comparable hard- 
ness testers could be developed. With extremely high 
production, such as with the automotive rocker arms, 
the method of hardness qualification has been found 
to be practical, accurate, and economical. 


Ultrasonic Echo Inspection 


Ultrasonic echo inspection is being used to find de- 
fects in critical castings. The reflectoscope is fast, 
accurate, and non-destructive. 

This method, making use of certain properties of 
high frequency ultrasonic energy, is quite similar to 
sonar and radar. Sound waves of frequencies above 
the hearing range of the human ear are beamed to 
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travel through a casting in a straight line. If they en- 
counter a defect in the metal, the sound waves are 
bent or dispersed, thus detecting a hidden flaw. 

The ultrasonic energy used for flaw detection is 
most commonly generated by a quartz crystal (Fig. 
17). Quartz has the property of going into mechani- 
cal vibration when a high frequency alternating volt- 
age is applied to it and ultrasonic waves are emitted. 
Unlike light, ultrasonic vibrations are not transmitted 
by air and are transmitted by most liquids and solids. 
For this reason, the castings and quartz crystals are 
immersed in water. 

One of the first steps in setting up for this type of 
testing is to determine the areas in the casting where 
defects occur. Cobalt-60 radiography is used for this 
purpose. 

The quartz crystals are held in position in the tank 
and are directed at the critical points of the part be- 
ing checked. The casting is lowered into the water. 
The instrument is then energized and by switching 
rapidly from one crystal to another, it is possible to 
check each area in less than one second. 

By using a signalling monitor attachment, a white 
light turns on if the instrumént finds the part defec- 
tive. This allows the test to be made automatically 
and is completely divorced from the operator’s judg- 
ment. Also, it is so arranged that if any part of the 
instrument malfunctions, the castings are automatic- 
ally rejected. 

This method of testing has shown a high degree of 
accuracy as checked by cobalt radiography. It is felt 
that this method of non-destructive testing will be 
used extensively by the foundry industry to insure 
the customer high-quality dependable castings. 


Metals Comparator 


Another type of inspection method is called a “‘met- 
als comparator.” Occasionally, during the manufacture 
of malleable iron and pearlitic malleable iron, cast- 
ings of poor metallurgical structure such as mottled 
iron are encountered. During solidification, the car- 
bon precipitates out of solution and the resultant 
metal structure is very weak and is not good for com- 
mercial use. 

This condition, prevalent years ago, rarely occurs 
now due to improved technical and metallurgical con- 
trol. However, when it does occur, the good castings 
must be sorted from the bad, and the metals com- 
parator is a non-destructive device which can be used 
to perform this task, replacing the old haphazard 
method of hand filing or chipping. 
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To set up the equipment, a casting that is known 
to be of good metallurgical structure is used as a 
standard. To make the test, the unknown casting and 
the standard casting are used as the core of a trans- 
former (Fig. 18). 

If the iron or the castings in the two transformers 
are identical, the voltages are identical. They are con- 
nected in such fashion that when the iron is the same 
there is no current flow in the ammeter, and when 
the iron is different or bad, there is a current flow. 
This can be made to operate a red light for a bad 
casting and a green light for a good one. 

This device has been used on several occasions 
and has saved many parts which otherwise would 
have been scrapped. 

As the customer continues in his effort towards im- 
proved production processes to better his own prod- 
ucts, the foundry industry must continue its search 
for improved processes and improved inspection 
methods. 

Such progress requires teamwork within and _be- 
tween the foundries of our industry, and will enable 
us to maintain and improve our competitive position 
in the manufacturing industry of tomorrow. 








INFLUENCE OF SAND GRAIN DISTRIBUTION ON 
GREEN-SAND CASTING FINISH* 


By 


C. E. MeQuiston** 


Introduction 


There are increasing signs of the importance of 
surface roughness in production of all types of cast- 
ings. Foundry customers expect and, in some cases, 
demand castings with smooth surfaces. This condi- 
tion exists, at least in part, because of the introduc- 
tion of processes which feature castings with a high 
degree of surface finish. Surface appearance has be- 
come an important sales consideration. 

There are, however, other important reasons for 
improving and controlling surface finish. Potential 
economies are available to both foundries and their 
customers through reduced machining and cleaning 
costs. When coupled with an inherent casting advan- 
tage—the ability to reproduce complex shapes—smooth 
surfaces and closely controlled dimensions provide 
potent sales capabilities for competing with other 
fabrication processes. 

Many foundries specialize in “quality” castings 
where a high degree of metallurgical control is main- 
tained. High functional performance of metallurgi- 
cally well-controlled casting may result, yet if such a 
casting has rough surfaces, it is difficult to convince 
the customer that the casting is a “quality” one. 
“Quality” implies excellence throughout the entire 
casting. 

Objective of This Research 


The aim of this research was to advance the under- 
standing of casting surface finish by evaluating the 
effect of certain variables. These variables are sand 
grain distribution (as expressed in discrete diameter 
of the sand grains) and method of compacting the 
sand mixtures, namely, squeeze pressure. The sand 
grain distribution variables are expressed in terms 
of common measures of a distribution. 

No attempt has been made to determine the high- 
est degree of finish attainable or an optimum solu- 


*This paper is taken in part from a dissertation submitted in 
partial fulfillment of the requirement for the degree of Doctor 
of Philosophy, The Ohio State University, Columbus, Ohio. 


**Quality Control Manager, The Advance Foundry Company. 
Dayton, Ohio. 
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tion. The analysis of any such problem is evolution- 
ary because today’s “optimum” becomes tomorrow’s 
practice. 


Review of Casting Finish Research 


It is interesting that research on this subject is con- 
temporary in nature; one of the first published pa- 
pers appeared in the foundry literature in 1949. The 
principal areas which have been investigated are: 


1. sand grain distribution, expressed as AFS grain 
fineness number, 

2. ramming methods, 

3. additives (wood flour) , 

4. metal pressure head. 


Investigators in these areas were forced to devise 
their own experimental techniques since no _prece- 
dent existed. Sand mixtures used consisted primarily 
of washed and dried clay-free sands to which were 
added clays, water, and in some cases, additives. Con- 
trol of ramming was maintained either by using a 
specified number of jolts or by green mold hardness. 

The results of these various investigations are 
pertinent to this study. In their original work, Fair- 
field and MacConachie12 found that as metal tem- 
perature increased, the castings poured had a rougher 
surface finish. Unexpectedly, they found that the 
best surface finish obtained was with the driest sand 
mixture and, therefore, that moisture content of 
the molding sand mixture influenced the finish ob- 
tained. They also observed that the method of put- 
ting the sand mixture into the flask had a marked 
effect on surface roughness. 

In their later work, Fairfield and MacConachie1 
varied the sand grain distribution and found that the 
sand mixture with the highest grain fineness number 
produced the best finish, and significantly, this same 
mixture had the lowest permeability. 

Work on the effects of sand fineness was corrobo- 
rated by the work of Ekey and Goldress.19 They 
found that the sand fineness produced a very high 
level of statistical significance on surface roughness. 
It was also found that metal pressure head was very 
significant in its effect on surface roughness. No evi- 
dence could be found to support a claim that wood 
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four had any effect on surface roughness. In iater 
\ork,11 it was found that mold hardness was not a 
factor contributing to surface roughness. Statistical 
analysis of the data of this work indicated that an 
interaction existed between sand fineness and metal 
pressure head which was significant with regard to 
surface roughness. (An interaction is a condition 
where two independent variables of an experiment 
produce an effect together.) Their explanation of 
this interaction was that the surface tension of the 
metal and size of the sand grains determine the sur- 
face roughness obtained. 

Data from the work of Fairfield and MacConachie12 
led these authors to conclude that ramming was 
also influential in reducing surface roughness. A sim- 
ple analysis of variance performed on their data pro- 
duced from six different AFS fineness sands and four 
levels of jolting is given in Table 1. 
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TABLE | 

Source of Sum of Mean Significant 
Variation Squares d.f. Square F(ratio) 5% Level 
AFS Grain Fine- 

ness Number 176.75 5 35.35 4.35 Yes* 
Number of Jolts 57.87 8 19.29 2.38 No 
Residual 121.80 15 8.12 
Total 356.42 23 


*AFS Grain Fineness number is almost significant at the 99% 
level. Ekey and Goldress also found in their first experiment 
that sand fineness was highly significant. 





From this analysis, it is possible to conclude that 

1. increasing the fineness of sand rapidly improves 
the surface finish, 

2. ramming does not affect the surface finish. 


Carried to the extreme, the last conclusion above is 
absurd, for it is not possible to make a green-sand 


TABLE 2 — GRAIN DISTRIBUTION DESIGN DATA AND RESULTS 














Calculated Calculated Calculated 
Desired Design Actual Desired Design Actual Desired Design Actual 
Screen Analysis Analysis Analysis Analysis Analysis Analysis Analysis Analysis Analysis 
Distribution No. 1 Distribution No. 2 Distribution No. 3 
20 : 
30 1.8 0.5 1.6 15 0.8 1.0 0.8 
40 16.6 14.5 15.7 18.3 18.6 18.7 17.3 17.2 15.1 
50 50.0 48.4 50.5 34.2 34.1 , 34.2 20.4 21.1 21.0 
70 23.1 25.3 24.2 21.7 22.9 21.8 16.8 18.2 17.9 
100 7.0 8.0 7.8 11.9 12.3 10.2 14.9 13.5 14.0 
140 2.1 1.3 12 5.6 3.8 3.5 11.0 8.8 9.0 
200 0.6 0.2 0.3 2.8 1.6 1.9 7.0 10.2 10.8 
270 0.4 1.7 0.8 0.9 4.3 4.4 4.8 
Pan 0.2 0.2 0.2 2.3 2.3 2.0 4.8 3.9 4.7 
AFS Clay 0.2 0.1 1.0 2.4 5.2 1.4 2.1 2.0 
Total 100.0 100.0 100.0 99.9 100.0 100.1 
AFS Grain Fineness Number 44.73 54.48 81.20 
Calculated Calculated Calculated 
Desired Design Actual Desired Design Actual Desired Design Actual 
Screen Analysis Analysis Analysis Analysis Analysis Analysis Analysis Analysis Analysis 
Distribution No. 4 Distribution No. 5 Distribution No. 6 
20 
30 0.3 
40 1.1 16 4.8 
50 9.0 10.9 12.9 12.2 14.4 12.9 15.3 15.6 14.1 
70 49.4 48.0 51.0 35.3 35.6 $2.7 20.2 20.9 21.5 
100 29.0 26.6 25.6 25.8 27.2 32.4 18.5 18.9 21.4 
140 8.4 8.1 6.0 12.8 10.4 11.6 15.4 16.4 17.8 
200 2.7 3.9 3.5 6.0 4.1 4.9 11.7 11.2 12.3 
270 0.9 0.6 0.6 3.3 1.2 1.4 8.0 4.4 4.3 
Pan 0.6 0.4 0.4 3.5 2.3 2.1 8.5 4.7 5.0 
AFS Clay 1.1 2.2 2.0 2.4 2.5 3.6 
Total 100.0 100.0 100.0 100.0 99.7 100.0 
AFS Grain Fineness Number 61.88 73.21 93.35 
Calculated Calculated Calculated 
Desired Design Actual Desired Design Actual Desired Design Actual 
Screen Analysis Analysis Analysis Analysis Analysis Analysis Analysis Analysis Analysis 
Distribution No. 7 Distribution No. 8 Distribution No. 9 
20 
30 
10 
50 0.2 0.8 0.2 
70 0.9 0.1 3.1 0.7 
100 9.0 9.7 9.4 13.5 13.5 14.4 15.6 14.9 15.9 
140 49.2 49.0 48.7 36.6 37.1 37.0 20.3 21.0 22.5 
200 29.0 28.8 30.2 22.7 24.4 25.8 18.7 20.0 19.5 
270 8.2 5.4 6.4 12.3 9.9 10.6 15.7 8.3 8.2 
Pan 4.4 3.7 44 11.4 10.1 11.4 22.5 17.9 18.9 
AFS Clay 0.2 1.2 0.9 3.2 0.5 0.8 7.2 15.3 14.6 
rotal 100.0 100.0 100.00 100.0 100.0 99.6 
139.72 157.68 


\FS Grain Fineness Number 124.68 
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casting without some ramming. Thus, the conclusion 
that the effect of ramming on surface roughness can- 
not be determined from this experiment. 


Design of the Experiment 

The factors investigated in this experiment were 
parameters of the sand grain distribution and a 
method of compacting (squeezing) the sand mix- 
tures. These are the same factors that have received 
the main attention of previous investigators of this 
problem. Why, then, continue effort in these areas? 

First, all previous evaluations on sand grain dis- 
tribution have utilized the AFS grain fineness num- 
ber as a measure of the distribution. This experiment 
was designed so as to permit evaluation of this factor 
by the grain fineness number, but also with other 
measures of a distribution, namely, the mean sand 
grain diameter, the standard deviation, and a meas- 


SAND GRAIN INFLUENCE 


ure of skew. In addition, the experiment was de- 
signed to encompass the entire sand grain distribu- 
tion used in the foundry (20 mesh down). To 
accomplish this, 18 distributions were obtained. These 
distributions are described in Table 2. Table 3 lists 
each distribution in terms of its design parameters. 

From the above discussion, it is apparent that 
effects of ramming on surface finish are in question. 
Since, in the production of green-sand castings, ram- 
ming is an intrinsic factor, it was decided to ram by 
squeezing. It was chosen over other molding methods 
because it was felt that it could be controlled more 
easily. A Buehler press used for mounting photomi- 
crographic specimens was used as the molding ma- 
chine. Four levels of molding pressure were used: 50, 
100, 150, 200 psi. This covers the range in practice to- 
day and permits evaluation of squeeze pressures above 
those normally used. 


TABLE 2 — (cont.) 














Calculated Calculated Calculated 
Desired Design Actual Desired Design Actual Desired Design Actual 
Screen Analysis Analysis Analysis Analysis Analysis Analysis Analysis Analysis Analysis 
Distribution No. 10 Distribution No. 11 Distribution No. 12 
20 0.2 0.2 
30 1.6 0.9 0.7 a2 5.4 4.4 
40 16.6 14.2 13.5 18.4 17.1 14.4 16.2 16.2 14.6 
50 41.3 40.0 40.8 31.7 $1.5 29.5 24.0 23.9 23.4 
70 31.8 31.2 31.4 $2.8 $2.8 35.0 24.3 24.3 25.0 
100 8.0 11.4 12.8 11.8 15.6 18.1 15.5 18.5 21.1 
140 2.1 1.2 12 4.2 2.1 1.9 7.7 7.0 7.3 
200 0.2 0.1 0.2 1.1 0.1 4.2 2.8 2.7 
270 0.1 2.3 0.6 0.5 
Pan 0.1 2.2 0.4 0.2 
AFS Clay 0.1 0.4 0.5 0.7 
Total 100.0 100.0 100.0 99.9 100.0 100.0 
AFS Grain Fineness Number 46.71 48.87 54.92 
Calculated Calculated Calculated 
Desired Design Actual Desired Design Actual Desired Design Actual 
Screen Analysis Analysis Analysis Analysis Analvsis Analysis Analvsis Analysis Analvsis 
Distribution No. 13 Distribution No. 14 Distribution No. 15 
20 
30 0.8 0.3 
40 1.0 13.6 10.9 9.3 1.9 5.0 
50 10.8 11.1 9.3 31.1 32.6 31.9 13.5 13.8 14.8 
70 38.0 37.6 35.7 33.5 33.1 34.9 23.4 22.9 24.5 
100 38.8 38.6 40.7 14.4 14.5 15.6 24.5 24.0 26.8 
140 9.0 9.9 12.6 5.4 5.8 6.1 17.5 16.0 16.3 
200 2.9 1.3 1.5 1.6 1.1 1.3 8.9 9.5 9.8 
270 0.5 0.1 0.4 0.6 0.7 4.6 3.5 3.4 
Pan 0.1 0.1 0.2 4.5 3.0 3.3 
AFS Clay 100.0 100.0 1.2 0.7 1.1 
Total 100.0 100.0 100.0 100.0 
AFS Grain Fineness Number 65.26 73.09 84.58 
Calculated Calculated Calculated 
Desired Design Actual Desired Design Actual Desired Design Actual 
Screen Analysis Analysis Analysis Analysis Analysis Analysis Analysis Analysis Analysis 
Distribution No. 16 Distribution No. 17 Distribution No. 18 
20 
30 
40 
50 0.1 0.8 
70 0.1 1.1 0.9 1.8 2.7 2.7 
100 10.6 9.6 9.1 13.3 8.0 7.7 13.4 10.0 10.0 
140 37.4 37.8 35.2 30.4 31.7 31.9 23.3 21.4 21.8 
200 38.1 36.4 37.0 $2.7 33.8 33.3 24.3 28.3 28.3 
270 8.9 10.0 10.7 14.0 13.4 12.9 17.4 17.8 16.3 
Pan 5.0 6.2 76 9.2 11.0 12.0 16.1 18.5 19.3 
AFS Clay 0.1 0.4 0.4 0.3 1.1 3.7 0.4 1.7 
Total 100.0 100.1 100.0 99.9 100.0 100.1 
AFS Grain Fineness Number 138.03 147.98 162.88 
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TABLE 3 — IDENTIFICATION OF SAND GRAIN 
DISTRIBUTIONS 





Distribution 





Number Statistical Parameters 

1 x = 300 4o No Skew 

2 xX = 300 30 No Skew 

3 x = 300 2.40 No Skew 

4 xX = 200 do No Skew 

5 xX = 200 30 No Skew 

6 X = 200 2.40 No Skew 

7 x= 100 4o No Skew 

8 x = 100 30 No Skew 

9 xX = 100 2.40 No Skew 
10 x = 300 4o Skew Right 
ll x = 300 3o Skew Right 
12 X = 300 2.40 Skew Right 
13 X = 200 4o Skew Right 
14 X = 200 3e Skew Right 
15 xX = 200 2.40 Skew Right 
16 x = 100 4o Skew Right 
17 X = 100 30 Skew Right 
18 xX = 100 2.40 Skew Right 





To limit the effects of other variables on the sys- 
tem, the following precautions were maintained 
throughout the experimental phase. All of the sand 
mixtures were made in a laboratory muller in the same 
manner and with the same mulling cycle. A 4 per cent 
addition of a 200-mesh foundry grade of western ben- 
tonite was used as a binder. A constant amount of 
water was added to constant weight batch, which 
gave by actual test, a moisture level of 5.2 per cent 
+ 0.1 per cent. Gating and the metal pressure head 
on the castings were held constant as a matter of de- 
sign of the pattern equipment which will be discussed 
later. The pouring temperature was held as nearly 
constant as possible which will also be discussed later. 

Statistical design of the experiment is discussed in 
Appendix A. The design and preparation of the sand 
grain distributions is also given in Appendix A. 

In summary, the experiment was designed to evalu- 
ate the effects on surface roughness of 18 sand grain 
distributions rammed to four different squeeze pres- 
sures. The result is 72 conditions. 


Molding and Casting of Test Specimens 


The absence of standard or established molding 
and casting techniques for surface finish, required 
the design of a casting and necessary equipment to 
make the casting. The initial factors which were con- 
sidered in the design of the casting were size and 
shape. It was decided to make the casting as small 
as possible in order to reduce the laboratory work and 
the sand requirement, although the castings were 
made large enough to be representative of actual 
practical conditions. It was desired to design the 
casting also, to be relatively easy to mold, draw, gate, 
and pour. 

After evaluating several sizes and geometries, it 
was decided to use a cube of 114-in. This gave both 
vertical and horizontal surfaces from which to meas- 
ure finish. A cube of 114-in. was sufficiently large in 
mass relative to its surface that it gave slow heat dis- 
sipation and, thus, it would minimize the casting sur- 
face aspects of quick freezing. It, also, fit the require- 
ments of drawing, gating and pouring. 





191 






Gating did, however, present some problems. The 
design of the gating followed the AFS method of 
smooth flow wherein elimination of sharp corners 
and sharp changing sections were maintained. In or- 
der to accomplish this, however, certain compromises 
were encountered. The best fluid flow pattern is ob- 
tained from bottom gating. This complicates control 
of the molding since it can only be accomplished on 
a 114-in. cube by some kind of core. The gating and 
pattern are shown in Fig. 1. It has the disadvantage of 
being unable to provide the best fluid flow pattern 
and recurrent surface defects on the drag side em- 
phasized this fact. 
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Fig. 1 — Section view of mold assembly illustrating gating 
system design. 


An obvious molding equipment requirement was 
some type of “precision” instrument capable of re- 
peatable results. No such equipment exists on the 
market known to the author. It has been fairly well 
established that production-type equipment does not 
fit the category of “precision” type equipment. Fair- 
field and MacConachie12 were required to design 
what they called “precision” type jolting equipment 
and the author considered using this or similar type 
equipment. However, the Buehler press was avail- 
able and met all of the necessary requirements. In the 
design of all of the molding and related equipment, 
an attempt was made to minimize all variations other 
than those under consideration. 

After each sand mixture was prepared, the follow- 
ing molding procedure was carried out: 


1. pattern was placed in the flask drag up, 

2. the drag was filled by riddling the sand through 
a no. 6 mesh screen, 

3. the drag was struck off, 

4. the bottom board was positioned, 

5. the mold was squeezed to the required pres- 
sure, 

6. the cope flask was removed, 

7. the draw fixture was positioned, 

8. the draw fixture was secured to the Buehler 

press after applying a gage pressure of 100 psi, 
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9. the pressure was released the draw was per- 
formed, 
10. the cover core was pasted on the drag. 


In establishing the casting procedure, one import- 
ant consideration was the type of metal to be poured. 
Since this research was performed where only cast 
gray iron was available in several grades, the one 
chosen was the grade which would give the most 
consistent results. It maintained a relatively constant 
temperature at the spout of the cupola, and its analy- 
sis was closely controlled. Unfortunately, since the 
casting was so small, it was impossible to obtain opti- 
cal pyrometer temperature measurements during the 
actual pouring of the castings. To obtain tempera- 
ture data, the four molds of each sand mixture were 
spaced equidistant from tapping spout and close to it. 
A temperature reading of the iron from the spout 
was made just prior to the actual pouring of the cast- 
ings, and the same amount of time was used in pour- 
ing each casting. A new ladle full of iron was ob- 
tained each time for each casting by the same pro- 
cedure, and thus it was felt that the pouring tem- 
perature was maintained at a fairly constant level. 


The details of the casting procedure are as follows: 


1. carry the molds to the pouring floor, 

2. measure iron temperature, 

3. dip hand ladle into the iron several times before 
pouring (to maximize iron temperature and to 
maintain consistent chemical analysis), 

. pour quickly, one custing at a time, from the hand 
ladle, 

. allow castings to cool in sand overnight, 

. Shake out, 

. Shot blast castings with light shot. 


_ 


5 
6 
7 


The pouring temperature and chemical analysis 
data for each test casting is given in Table 4. 
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TABLE 4 — METALLURGICAL DaTA FOR CASTINGS 














Fig. 2 — Protilometer tracing of distribution 12 at 100 psi 
squeeze pressure. (Scale used 0-10 x 100, microinches). 


Sand Temp, Composition, % 
Mixture F T.C. Si Mn Mo Cr 
1 2820 3.18 1.85 0.81 0.36 0.49 
2 2810 3.01 2.41 0.91 0.45 0.62 
3 2820 2.95 2.69 1.02 0.51 0.58 
4 2800 2.75 2.55 0.87 0.56 0.57 
5 2790 2.93 2.14 0.82 0.40 0.42 
6 2760 2.98 2.21 0.86 0.38 0.36 
7 2770 2.97 2.64 0.92 0.45 0.58 
8 2780 2.89 2.30 0.93 0.35 0.47 


9 (A&B) 2790 2.96 1.60 0.72 0.48 0.46 
9 (C&D) 2820 3.14 2.19 0.96 0.27 0.45 


10 2910 3.00 2.50 0.93 0.50 0.50 
1] 2800 2.97 2.05 0.92 0.53 0.45 
12 2780 2.9] 2.20 0.88 0.32 0.54 
13 2790 2.89 2.12 0.80 0.38 0.44 
14 2760 2.98 2.57 0.93 0.39 0.50 
15 2800 2.98 2.12 0.79 0.42 0.39 
16 2820 2.99 2.02 0.95 0.46 0.43 
17 2820 2.88 2.41 0.95 0.41 0.55 
18 2800 2.92 2.46 0.94 0.41 0.57 





The effect of shot blasting on the as-cast surface of 
the test castings was unknown. To evaluate this, sam- 
ple castings were made and observed under a 10x 
magnification both before and after shot blasting. It 
was not possible to discern any harmful effects from 
this shot blasting, and consequently, all castings were 
lightly shot blasted prior to surface measurement. 


Surface Measurement Technique 

Surface roughness was measured with a tracer-type 
equipment (profilometer). The method used in this 
experiment for measuring the surface roughness with 
the tracer-type equipment was quite simple. Five sur- 
faces of the casting (cube) were available for meas- 
urement. Two random traces of approximately 134 ¢ 
in. long were taken on each of the five selected sur- 
faces (four vertical sides and the bottom) for a 
given casting. A reading recorder made a record of 
each of these random traces and the trace was re- 
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Fig. 3 — Profilometer tracing of distribution 9 at 200 psi 
squeeze pressure. (Scale used 0-10 x 100, microinches). 
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TABLE 5 — CASTING SURFACE MEASUREMENT DATA 
(in microinches) 





Pressure, 





psi 50 100 150 200 50 100 150 200 50 100 150 200 
Distribution No. 1 Distribution No. 2 Distribution No. 3 
No Skew, X = 300 4¢ No Skew, X = 300 3¢ No Skew, X = 300 2.4¢ 
955 860 910 960 720 920 950 680 430 580 630 405 
975 1000 970 985 740 960 940 720 440 395 640 500 
985 1080 1030 985 700 1080 890 605 495 580 570 460 
1040 950 975 905 730 960 880 680 495 720 640 460 
905 845 990 805 895 990 750 790 625 525 400 470 
980 960 1020 830 780 920 840 710 880 570 365 510 
1000 830 1000 950 805 950 840 670 800 510 400 550 
970 920 1070 900 705 1000 810 750 880 565 445 450 
1010 920 960 980 840 920 800 630 660 480 495 600 
1080 970 1100 960 1000 960 920 700 670 580 440 700 
970 1070 1080 955 970 920 860 620 715 595 450 590 
1040 930 965 1060 930 950 830 660 740 550 470 580 
980 1060 930 1000 615 780 655 700 700 580 540 590 
1050 1030 990 1000 750 705 895 700 800 580 540 650 
990 950 1080 1040 755 775 740 705 790 530 560 680 
1060 1040 970 1060 660 710 705 665 690 505 600 650 
1020 98C 900 930 890 870 930 860 735 540 560 570 
1040 1120 1100 960 925 820 860 780 780 535 520 540 
990 980 1080 900 900 930 820 920 820 520 550 520 
1010 1020 930 930 870 870 700 920 770 545 515 590 
960 950 1040 1000 830 900 625 615 645 570 540 460 
1000 990 1120 885 790 790 615 820 680 580 580 680 
1060 830 1030 930 795 820 680 820 770 500 505 690 
1020 1000 890 980 795 930 715 705 780 630 595 500 
910 1000 990 910 880 880 700 800 780 610 740 530 
1080 1000 980 965 920 900 700 760 615 710 735 520 
970 940 986 1040 870 850 730. 890 640 610 800 570 
1060 1080 840 950 920 880 640 720 710 700 840 550 
865 970 1090 965 750 960 755 700 805 600 600 600 
1100 1040 1040 980 1040 900 930 810 730 680 840 670 
990 1020 940 990 1020 820 800 770 850 620 785 600 
960 1000 1050 1020 900 970 760 750 760 670 650 650 
900 965 1000 910 900 600 870 820 375 $80 310 $30 
1000 1000 1080 900 935 660 910 700 385 410 350 $25 
1150 1040 960 1020 950 630 805 835 380 360 335 $20 
1080 1020 1000 960 950 610 770 920 365 440 360 315 
1060 1030 840 1010 800 595 1040 620 450 355 290 $35 
960 1040 900 960 700 605 950 640 460 345 340 350 
1020 940 950 1010 580 585 950 740 380 375 305 295 
930 1010 905 990 690 585 1000 715 440 380 320 335 
Distribution No. 4 Distribution No. 5 Distribution No. 6 
No Skew, X = 200 4¢ No Skew, X = 200 3¢ No Skew, X = 200 2.4¢ 
780 640 500 560 715 540 445 400 500 390 350 340 
730 695 455 520 570 590 455 410 490 420 360 385 
750 610 500 440 720 560 495 430 490 395 $60 335 
760 515 490 590 680 585 465 390 515 420 $20 350 
880 560 530 580 630 550 495 480 500 460 360 350 
910 590 575 540 675 590 490 575 550 435 430 350 
760 500 560 460 770 610 515 510 570 410 440 345 
970 545 480 630 620 610 525 470 495 440 410 345 
860 625 470 540 635 605 510 410 560 380 . 360 395 
830 690 480 560 585 795 580 290 460 420 400 360 
880 600 480 530 630 725 510 310 470 500 370 365 
940 620 460 590 540 635 530 380 640 380 365 360 
960 600 460 540 670 740 500 400 530 420 330 300 
850 565 435 465 780 660 500 415 520 400 290 315 
760 605 440 500 720 620 480 365 620 390 320 300 
880 540 455 530 760 680 530 360 600 420 340 310 
630 605 630 510 700 620 520 430 490 440 505 395 
590 640 520 555 640 670 615 460 510 450 405 395 
660 630 440 590 705 610 555 490 600 480 480 405 
665 680 530 575 700 620 475 480 590 470 460 400 
840 800 580 480 710 640 500 480 600 370 370 360 
820 720 620 500 715 720 510 450 650 410 360 420 
800 640 590 550 680 650 600 490 580 400 305 430 
930 720 500 550 790 750 570 470 650 400 345 365 
730 720 565 480 640 610 620 450 610 430 395 $50 
680 690 575 520 620 655 585 430 585 420 425 355 


700 620 585 465 530 665 630 390 650 475 400 360 
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TABLE 5 (cont.) — CasTiInG SURFACE MEASUREMENT DATA 
(in microinches) 








Pressure, 

psi 50 100 150 200 50 100 150 200 50 100 150 200 

Distribution No. 4 Distribution No. 5 Distribution No. 6 

No Skew, X = 200 4¢ No Skew, X = 200 3¢ No Skew, X = 200 2.4¢ 

725 675 525 510 620 645 660 430 655 470 425 380 
820 450 860 580 690 630 575 455 470 470 490 375 
585 595 850 550 600 720 600 485 540 530 500 410 
660 540 830 600 500 720 705 485 580 510 460 380 
680 500 770 630 750 640 650 470 475 460 480 385 
800 630 510 620 430 530 510 405 500 410 315 345 
840 540 450 620 470 525 510 405 555 505 360 345 
760 500 550 750 460 575 530 390 565 500 330 335 
745 670 480 700 410 585 540 370 500 475 340 340 
795 750 600 790 420 485 500 490 590 330 260 370 
780 700 550 810 470 440 480 380 550 335 265 380 
665 620 630 790 430 405 540 410 575 380 245 390 
835 580 700 780 450 510 510 420 600 450 250 395 

Distribution No. 7 Distribution No. 8 Distribution No. 9 

No Skew, X = 100 4¢ No Skew, X = 100 3¢ No Skew, X = 100 2.4¢ 

370 280 290 300 300 260 285 250 300 250 230 270 
350 275 275 $20 330 280 305 270 310 240 250 280 
360 285 295 310 335 310 290 275 300 230 240 300 
380 275 290 305 305 260 315 255 300 235 250 300 
340 280 310 315 350 275 265 235 305 290 210 230 
330 305 305 310 330 260 275 240 360 250 200 245 
355 300 320 275 310 270 260 265 340 280 215 220 
345 295 345 300 340 250 255 260 320 250 225 260 
430 300 310 240 335 280 300 245 265 240 220 240 
400 315 300 255 $25 280 295 270 285 240 220 200 
410 315 300 240 360 280 300 260 275 255 220 220 
390 325 310 245 335 280 265 240 300 70 210 245 
370 270 280 270 320 330 250 320 320 265 210 115 
400 260 290 280 $20 340 260 315 280 265 210 75 
385 285 295 280 $20 350 260 330 280 265 190 90 
355 275 280 250 320 340 250 305 290° 285 220 100 
340 300 280 215 260 310 265 235 320 245 190 210 
390 310 300 220 285 350 265 225 320 235 160 200 
415 305 340 215 300 340 250 235 330 245 170 195 
360 315 300 210 290 325 250 240 320 255 180 215 
300 340 $20 265 305 295 240 285 265 230 140 190 
360 330 330 290 310 275 260 280 295 245 150 185 
320 320 310 270 320 305 240 260 295 245 160 200 
350 340 315 290 295 300 240 290 290 250 160 190 
400 305 290 235 255 355 260 275 285 280 230 190 
400 300 340 230 255 360 245 275 315 280 200 180 
360 310 340 240 255 365 260 275 360 280 230 185 
360 305 285 320 260 370 255 265 290 305 220 190 
330 330 270 300 270 300 260 305 290 210 180 175 
340 350 290 360 280 305 270 340 305 210 180 200 
345 355 310 280 300 305 270 $25 310 200 180 180 
345 $25 300 300 315 300 270 345 300 210 200 190 
240 270 255 210 290 250 185 240 210 205 160 200 
250 270 260 235 300 250 180 245 220 210 170 200 
245 275 260 225 290 250 180 250 215 220 165 220 
260 280 255 200 270 250 180 245 210 220 165 200 
280 280 200 200 250 280 210 230 230 265 170 180 
260 270 205 200 240 265 220 225 200 270 190 190 
290 285 200 210 230 260 225 230 220 270 190 180 
275 280 200 205 270 275 205 215 220 285 210 185 

Distribution No. 10 Distribution No. 11 Distribution No. 12 

Skew Right, X = 300 4¢ Skew Right, X = 300 3¢ Skew Right, X = 300 2.4¢° 

900 890 980 850 960 900 910 940 920 940 800 800 
1020 880 930 900 1040 960 990 840 890 995 895 800 
980 910 980 950 990 1010 910 950 900 950 830 950 
950 880 970 860 980 940 960 930 845 970 850 880 
960 960 990 920 970 980 985 860 965 860 845 830 
1010 980 960 920 1060 1020 960 890 975 810 900 760 
970 980 970 1020 975 1100 1030 910 920 765 880 740 
980 970 1000 950 970 1030 1000 910 925 780 930 810 
925 890 800 930 970 910 960 850 840 675 790 770 
900 950 880 1010 940 1030 960 860 780 780 845 700 
935 970 900 1020 950 1020 900 900 850 780 900 750 


960 935 830 960 970 925 1000 890 810 750 820 760 
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TABLE 5 (cont.) — CasTING SURFACE MEASUREMENT DaTA 
(in microinches) 
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Pressure, 
psi 50 100 150 200 50 100 150 200 50 100 150 200 
Distribution No. 10 Distribution No. 11 Distribution No. 12 
Skew Right, X = 300 4¢ Skew Right, X = 300 3¢ Skew Right, X = 300 2.4¢ 
850 970 860 890 1060 980 900 870 1000 800 800 790 
950 950 800 960 910 810 930 970 1040 740 880 800 
950 980 930 990 980 970 970 980 1000 850 800 870 
900 920 900 940 1020 990 960 970 1020 830 69¢ 850 
1080 960 880 910 990 1030 920 980 990 870 770 760 
1020 1000 970 940 1060 950 820 920 940 920 795 850 
960 970 910 830 910 900 1010 890 940 940 800 780 
1060 970 900 950 990 1020 960 920 960 930 820 830 
980 960 990 925 1000 960 930 890 905 810 790 780 
975 865 970 900 1020 870 1010 850 960 815 690 700 
990 910 940 960 900 1020 1020 910 940 770 840 855 
980 1000 880 900 1010 970 880 840 945 790 830 830 
980 710 860 780 1070 940 920 950 920 890 800 825 
880 1000 1010 855 1000 960 850 890 860 910 870 730 
960 870 1030 880 1040 1000 990 980 800 940 830 740 
870 850 920 810 990 970 940 910 865 920 840 870 
1010 920 990 900 960 1000 900 840 900 790 740 760 
980 1010 910 890 960 960 900 920 840 875 810 840 
1000 960 920 910 970 980 920 835 880 930 830 780 
1020 970 930 850 970 1010 940 835 880 860 770 680 
860 990 900 970 880 780 960 950 770 740 770 730 
910 930 850 910 1020 780 1020 800 730 880 780 770 
820 940 910 905 900 980 960 860 770 810 670 760 
900 970 850 975 930 850 970 880 800 790 660 770 
1030 890 840 900 970 900 850 1000 800 810 780 720 
970 870 890 990 1020 910 880 910 880 745 780 730 
1010 990 785 990 860 830 880 1020 810 870 720 700 
1020 900 870 950 990 830 870 1000 880 900 820 820 
—— 
Distribution No. 13 Distribution No. 14 Distribution No. 15 
Skew Right, X = 200 4¢ Skew Right, X = 200 3¢ Skew Right, X = 200 2.4¢ 
795 630 655 820 635 530 405 380 635 440 440 465 
820 660 670 855 740 540 410 430 605 500 475 455 
870 700 660 840 760 565 415 500 660 470 460 500 
760 700 620 860 680 550 425 450 750 450 470 460 
720 750 745 640 585 550 380 440 600 510 430 535 
740 650 735 700 620 560 380 450 590 440 475 500 
780 640 640 640 595 495 390 410 690 435 470 565 
720 680 740 660 630 545 390 420 670 500 485 530 
890 795 740 680 700 680 550 380 640 560 490 585 
890 620 770 700 720 650 590 370 680 490 530 580 
890 750 800 760 700 650 555 355 630 500 520 550 
890 660 830 700 640 690 545 350 660 595 530 610 
830 790 815 610 710 715 420 340 570 505 505 600 
860 790 760 640 640 660 425 330 580 555 450 590 
720 740 800 660 560 610 400 340 575 520 465 530 
880 770 700 600 670 690 440 350 605 560 500 570 
860 810 655 530 530 680 500 450 660 605 485 510 
830 820 655 605 610 635 490 490 690 620 485 500 
870 860 615 660 620 730 490 430 700 620 460 475 
880 850 670 520 610 690 500 460 720 630 475 520 
730 760 690 510 600 620 460 370 650 610 440 580 
605 700 640 600 540 600 450 420 730 645 500 520 
780 760 640 600 550 690 430 410 670 665 450 615 
765 810 680 560 540 645 480 370 720 635 500 600 
760 620 830 700 660 720 450 470 570 610 620 500 
800 680 840 730 685 680 470 490 610 615 560 560 
860 650 740 760 700 730 470 495 615 640 605 560 
810 630 760 730 640 735 490 510 640 625 570 475 
680 850 705 670 670 640 500 440 640 690 600 530 
760 830 765 700 680 635 440 460 760 660 600 520 
780 890 740 710 620 730 470 480 700 620 680 550 
7 900 680 700 680 720 450 440 650 660 660 535 
750 900 750 760 590 520 310 400 600 460 340 420 
720 840 780 780 650 590 280 370 600 425 360 460 
760 860 710 820 530 570 310 395 685 445 400 420 
760 930 780 790 640 530 350 415 640 465 360 460 
860 735 630 820 565 525 305 385 580 580 380 490 
730 780 760 950 525 535 305 415 560 500 440 420 
920 800 710 890 570 530 305 400 590 610 440 460 
800 760 670 880 585 450 310 400 690 620 380 460 
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TABLE 5 (cont.) — CastiInG SURFACE MEASUREMENT DATA 
(in microinches) 








Pressure, 
psi 50 100 150 200 50 100 150 200 50 100 150 200 
Distribution No. 16 Distribution No. 17 Distribution No. 18 
Skew Right, X = 100 4¢ Skew Right, X¥ = 100 3¢ Skew, Right, X = 100 2.4¢ 
215 260 290 390 380 $20 200 300 230 210 200 210 
260 280 290 430 375 385 185 280 250 220 200 220 
260 250 300 410 400 390 200 280 245 210 200 240 
270 250 295 395 360 320 190 280 230 210 205 270 
280 330 295 320 450 320 220 260 270 220 210 180 
260 300 280 360 440 315 230 300 310 250 195 195 
280 285 300 390 440 305 230 285 295 220 210 205 
290 305 300 410 470 $25 230 275 320 230 220 175 
340 280 280 350 385 300 290 300 240 240 205 220 
345 300 330 300 395 300 260 280 240 240 215 225 
315 290 290 355 400 300 270 280 225 250 220 220 
340 310 330 315 390 330 280 290 250 250 220 215 
375 260 230 290 380 320 300 360 240 220 215 220 
370 260 280 305 415 325 300 380 230 220 220 260 
350 255 300 $30 425 305 300 350 235 230 220 230 
400 250 250 300 360 290 295 350 250 240 225 230 
340 200 240 330 385 305 250 310 220 300 200 220 
330 215 265 310 350 260 260 265 230 290 210 210 
$25 200 250 335 380 295 280 295 240 300 215 220 
290 215 255 315 400 300 290 350 230 290 215 230 
320 280 270 320 335 260 300 260 220 290 240 200 
360 285 240 350 320 260 340 270 210 290 250 200 
440 270 260 345 330 260 330 290 230 295 260 200 
410 290 290 320 320 260 320 280 230 300 250 195 
340 260 280 240 320 400 270 220 230 280 215 195 
310 270 305 270 340 430 255 225 235 290 230 195 
370 250 295 305 370 390 270 240 260 280 250 210 
400 270 295 270 365 350 260 240 270 270 200 195 
340 160 330 240 380 355 270 310 240 260 210 215 
320 210 350 240 330 350 260 280 260 310 210 225 
330 215 340 250 360 350 280 280 265 330 195 225 
340 215 340 240 380 350 270 280 270 290 200 200 
400 235 420 230 235 280 240 230 220 260 190 175 
400 270 400 240 250 310 245 290 220 280 220 170 
370 250 380 240 255 300 260 280 230 250 195 170 
360 270 410 250 255 $20 240 250 230 260 200 160 
375 270 320 260 330 260 240 340 210 220 180 180 
400 290 340 270 310 280 240 360 220 220 170 180 
375 290 340 290 315 260 220 320 220 220 180 175 
400 310 390 280 305 280 220 305 210 215 180 190 





mean or average sand grain diameter (which is ex- 
pressed in microns rather than screen size) ; the stand- 
ard deviation from this mean or spread (roughly the 
number of screens, i.e. three, four, etc. screen sand) ; 
and the skew (which describes the symmetry of a 
distribution about its mean). In this experiment, all 
sand grain distributions had either no skew (symmetri- 
cal about the mean) or were skewed to the right 
(unsymmetrical toward the fine side). These curves 
permit an evaluation of the data for the various con- 
ditions of the distribution and squeeze at the same 


peated at least three times to assure its reproduci- 
bility. Thus, for each casting, ten traces were recorded. 
From each of these ten traces, four equally spaced 
readings were taken for a given cycle. This resulted 
in 40 roughness readings for each test casting. 

Table 5 contains the complete surface roughness 
data. Figures 2 and 3 are of the type of roughness 
trace produced by the surface measurement equip- 
ment. 


Discussion of Results 








The effects of grain fineness number and squeeze 
pressure are found in Fig. 4. These curves are shown 
to give a general indication of the results; however, 
the relationship found was not as exact as is indi- 
cated by the curves. These curves do tend to show a 
trend; namely, that increasing grain fineness reduces 
surface roughness as does squeeze pressure. However, 
the effect of grain fineness number are much greater 
than those of squeezing. 

To further analyze the roughness data, it has been 
plotted in Figs. 5-16. In these curves, the grain fineness 
number has been replaced by three other character- 
istics of a sand grain distribution. These are the 


time. A more detailed statistical analysis of results will 
be found in Appendix B. 

Since green sand properties of a sand mixture are 
frequently used for evaluation and control in the 
foundry, the green compressive strength and green 
hardness were obtained for each sand mixture at each 
squeeze pressure. The resulting data are included in 
Appendix C. It was found that these properties did 
not affect surface roughness. 


Conclusions 


The following conclusions are based primarily on 
statistical analysis of the data resulting from this re- 
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Fig. 4— Summary of casting roughness vs GFN. 
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Fig. 8 — Curve of casting roughness vs ° for Condition X= 300, 
Skew Right. 


Green-sand castings can be produced with surface 
roughnesses approaching those obtained by machin- 
ing with a lathe. Figure 17 shows a surface roughness 
tracing of a lathe-cut surface. By comparing this with 
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Fig. 10-— Curve of casting roughness vs ¢ for Condition X= 100, 
Skew Right. 





Fig. 11 — Curve of casting roughness vs X for Condition 4°, 
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Fig. 9 — Curve of casting roughness vs ° for Condition X= 200, 
Skew Right. 


the surface roughness tracing of one of the better 
casting surfaces, obtained in this research, it can be 
observed that green-sand casting surfaces could be- 
come, potentially, competitive with those of the lathe, 
for some applications. It was not the objective of this 
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Fig. 12 — Curve of casting roughness vs X for Condition 3°, 
No Skew. 


research to obtain optimum, green-sand casting finish. 
Therefore, improvements in casting surface based on 
these findings should be possible. 

From the analysis of the data, it can be concluded 
that all the main factors (mean sand grain diameter, 
standard deviation or spread, the skew of the distribu- 
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Fig. 14— Curve of casting roughness vs X for Condition 4°, 
Skew Right. 
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Fig. 13 — Curve of casting roughness vs X for Condition 2.4°, 
No Skew. 

tion and the squeeze pressure) influence casting 
roughness. The small error variance is indicative of an 
efficient experimental design and adds credence to the 
inferences drawn from the results. 

From Figures 5-16 and the regression analysis of 
the main factors on surface roughness, it is possible 
to conclude that: 
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Fig. 15 — Curve of casting roughness vs X for Condition 3°, 
Skew Right. 
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Fig. 16 — Curve of casting roughness vs X for Condition 2.4°, 
Skew Right. 


1. the mean sand grain diameter is the most im- 
portant factor contributing to roughness. 


2. the spread contributes to roughness but to a lesser 
degree than the mean diameter, 


3. the effect of squeeze pressure, on roughness, is 
minor in the range of this experiment. 


—\ SE me 








Fig. 17 — Protilometer tracing of a lathe cut. (Scale used 
0-10 x 100, microinches). 


As a sand grain distribution becomes skewed to the 
right, the effects on roughness of the mean diameter 
increases while the influence of the standard deviation 
is less. Moreover, it can be concluded that the influence 
of the standard deviation is very small at low value of 
the mean diameter (fine sand) and increases as the 
mean diameter increases for both skew conditions. 

From the practical viewpoint, the importance of 
the standard deviation is greater than is indicated by 
above statements. Many foundries are limited to the 
use of foundry sands with a mean diameter greater 
than 100 microns (140 mesh) for economic and tech- 
nical reasons. In such cases where the mean diameter 
is relatively fixed, it is obvious that a large measure 
of improvement in roughness can be obtained by in- 
creasing the standard deviation or spread of the dis- 
tribution. 

In terms of common foundry sand terminology, the 
above conclusions can be restated as follows. The 
best surface finish will be obtained with a large 
grain fineness number and a wide spread distribu- 
tion. A poor degree of surface finish will be ob- 
tained with a small grain fineness number and a nar- 
row distribution, i.e., a two-screen sand. If a foundry 
desired to maintain a sand with a given grain fine- 
ness number, then the best finish would be obtained 
with a wide, flat distribution, i.e., five or six screens. 

The effects of squeeze pressure in this experiment 
were so small that for practical purposes their influ- 
ence could be disregarded. Such a conclusion is justi- 
fied on the basis of the results of this experiment 
only, and to extend this conclusion to all foundry 
conditions would indeed be unwarranted. It is an 
accepted fact that ramming gives a parabolic type 
curve when plotted against variables of the sand mix- 
ture. Figures 5-16 indicate that a parabolic rela- 
tionship may exist between pressure and roughness. 
In the event that such a relationship is real, then 
the range of the ramming force becomes important. 
It seems reasonable to conclude that had the squeeze 
pressure been from 20-100 psi, the effects of this fac- 
tor would have significantly altered. Based on the re- 
sults of this experiment, it appears that some types of 
conventional molding equipment are adequate. The 
use of a molding pressure above 100 psi yields a dim- 
inishing return. 
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APPENDIX A 


Statistical Design of Experiment 

Foundry sand grain distributions can be expressed 
as a frequency diagram in terms of diameters of in- 
dividual sand grains. There are four measures of the 
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central tendency of any distribution; namely, the 
mean, standard deviation, skewness and kurtosis. Sta- 
tisticians use the first two of these extensively in the 
solution of data involving distributions. 

The foundry industry commonly uses the AFS grain 
fineness number as measure of central tendency of 
sand grain distributions. This is a weighted average 
calculated on a geometric scale. This experiment 
was designed so that three measures of central ten- 
dency became independent variables; namely, the 
mean, standard deviation and skewness. The arith- 
metic scale was used in design and computation of 
these parameters of the distributions. 

These distributions were designed to completely 
cover the working range of foundry sands (0 to 833 
microns) as efficiently as possible. By inspections, 
means of 100, 200 and 300 microns were chosen with 
standard deviations of 2.4, 3.0 and 4.0 * for each 
mean. Two conditions of skew were added to the 
design of the distributions; these were, no skew 
(symmetrical) and skew right. This resulted in 18 
sand grain distributions. 

From these statistical parameters, the design dis- 
tribution (screen analysis) was obtained. Six of the 
nine symmetrical distributions were established by 
fitting a histogram to the theoretical frequency for 
a normal distribution. The flat symmetrical distribu- 
tions (2.4 °) and all nine of the skewed right distri- 
butions were obtained by trial and error plotting of 
frequency diagrams until they met the design re- 
quirement. 

A large number of commercial sands were screened 
and the resulting screen analysis was used to calcu- 
late a blend which matched the design distribution. 
These blends were made and screened to check 
against both the design and calculated distribution. 
Several changes in the blends were necessary at this 
point, and in several cases it was necessary to scalp 
off the larger screens. An actual blend was considered 
satisfactory when its statistical parameters were + 10 
per cent of the design parameters (X, %). The skew 
was not calculated, but rather evaluated by inspec- 
tion. Table 4 gives a summary of the actual statis- 
tical parameters obtained for each distribution. 

The design of the experiment gave 18 sand distri- 
butions (three means, three standard deviations, and 
two skew conditions) and each of these distributions 
were squeezed to four molding pressures. This result- 
ed in 72 conditions and permitted the surface rough- 
ness data to be analyzed by a four-way analysis ot 
variance and by multiple linear regression analysis. 


APPENDIX B 
Statistical Analysis of Results 


The experimental design of this research was de- 
veloped to permit the analysis of the data by the fol- 
lowing statistical techniques: 


1. analysis of variance 
2. linear regression 


In the analysis of variance, the total variation in 
a set of data may be reduced to components associ- 
ated with possible sources of variability from which 
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it is possible to ascertain the relative importance of 
each. This total variation is divided into components 
which are under control and the variation of the 
fundamental variables after the controlled effect has 
been eliminated. This later source of variation is 
known as the experimental error or residual. When 
the underlying assumptions of the analysis of vari- 
ance have been met, the ratio of the component 
variance of each factor to the error variance will be 
distributed as an F statistic. This permits the use of 
confidence testing and allows inferences to be drawn 
from the data. Simply stated, the analysis of variance 
is a method for testing the hypothesis that the means 
of factors tested are equal. 

In this research, the particular analysis of variance 
technique used was the so-called factorial experiment 
employing a fixed factor model. The factorial experi- 
ment permits additional information to be obtained 
by testing for interaction. Interaction is the effect of 
a combination of treatments operating together. Obvi- 
ously, the factorial experiment is a very powerful 
and efficient analytical tool in engineering and sci- 
entific investigation. 

Once the relative importance of the various fac- 
tors or group of factors has been obtained, it is of 
interest to learn the relationship between the fac- 
tors. The relationship is customarily obtained by 
plotting the data and attempting to fit a curve to it. 
Regression analysis is the most generally satisfactory 
method for doing this and frequently yields a good 
approximation of the existing relationships. When 
only two variables are in question, an equation or a 
straight line (regression line) is obtained. A sta- 
tistic, known as the correlation coefficient, is em- 
ployed to measure the usefulness of the regression 
line for estimation purposes. This coefficient mathe- 
matically measures the amount of variation caused 
by the factors investigated and that of experimental 
error. A high degree of correlation indicates a high 
relationship between variables (low experimental 
error) and provides for accurate estimation. When 
more than two variables are involved, the same tech- 
nique is used, but the interpretation becomes more 
complex. 

The above discussion briefly summarizes the sta- 
tistical analysis techniques which were used to evalu- 
ate the data of this research. 

The factorial analysis of variance was performed 
on the measured casting roughness using the inde- 
pendent variables x, * skewness of the sand grain 
distribution and the applied squeeze pressure. 

Since the analysis of variance calculations are long 
and tedious, all calculations were programmed and 
performed on a digital computer. This use of the 
computer decreased the time to make the calcula- 
tion, and, of more importance, greatly reduced the 
possibility of errors. 

The results of this analysis of variance are given 
in Table 6. The third order interaction is signifi- 
cant; i.e., the hypothesis of equal means is rejected 
at the 99 per cent level of probability. Therefore, it 
is not possible to test the main factors or any of the 
lesser order interactions. There is no reason to sus- 
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TABLE 6 — ANALYSIS OF VARIANCE OF 
CASTING ROUGHNESS 








Source 
of Sig- 
Varia- Sum of Mean F. nifi- 
tion Squares d.f. Square F 9 ~=s cant 
x 155,252,076 2 77,626,038  39,284.432 
S 3,225,782 1 3,225,782 1,632.481 
o 15,211,925 2 7,605,962 3,849.171 
P 4,599,888 3 1,533,296 775.960 
Se 1,519,402 2 759,701 384.464 
SX 1,401,983 2 700,991 354.752 
SP 44,777 3 14,925 7.553 
oX 4,256,517 4 1,064,129 538.527 
oP 426,537 6 71,089 35.976 
xP 1,160,070 6 193,345 97.900 
Sox 4,021,221 4 1,005,305 508.758 
SoP 310,010 6 51,668 26.148 
SXxP 131,078 6 21,846 11.056 
oxP 550,688 12 45,890 23.224 
SXxoP 270,936 12 22,578 11.426 2.18 Yes 
Error 5,550,054 2808 1,976 


Total 197,932,404 2879 
Where X = mean diameter of sand grain distribution 
¢ = standard deviation from mean diameter of sand grain 
distribution 
S = skew of diameter of sand grain distribution 
P = squeeze pressure 





TABLE 7 — BREAKDOWN ANALYSIS OF VARIANCE OF 
CAsTING ROUGHNEss — No SKEW 





Source . 





of Sig- 
Varia- Sum of Mean F. nifi- 
tion Squares d.f. Square F 99 cant 
X 63,307,210 2 31,653,605 4,762.805 

a 13,072,110 2 6,536,055 983.457 

P 2,769,310 8 923,103 138.896 

Xo 5,432,210 4 1,358,053 204.341 

Po 402,240 6 67,040 10,087 

PX 720,180 6 120,030 18.101 

oPX 381,650 12 31,804 4.785 2.18 Yes 
Error 9,411,425 1416 6,646 


Total 95,496,335 1439 
Where X = mean diameter of sand grain distribution 
¢ = standard deviation from mean diameter of sand grain 
distribution 
P = squeeze pressure 





TABLE 8 — BREAKDOWN ANALYSIS OF VARIANCE OF 
CAsTING ROUGHNESS — SKEW RIGHT 








Source 

of Sig- 
Varia- Sum of Mean F. nifi- 
tion Squares d.f. Square F 99 cant 
x 93,346,880 2 46,673,440 12,861.240 

Ci 3,659,140 2 1,829,570 504.153 

P 1,875,380 3 625,127 172.259 

Xo 2,784,810 4 696,203 191.844 

Po 334,480 6 55,747 15.362 

PX 570,940 6 95,157 26.221 

oPX 500,010 12 41,667 11.481 2.18 Yes 
Error 5,138,679 1416 3,629 


Total 108,210,319 1439 


Where X = mean diameter of sand grain distribution 
¢ = standard deviation from mean diameter of sand grain 
distribution 
P = squeeze pressure 
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pect that the third order interaction is not a reality; 
thus, to further evaluate the data, a breakdown an- 
alysis of variance was performed. In a breakdown an- 
alysis, the factorial experiment is reduced by one fac- 
tor and a separate analysis of variance is performed 
for each level of the factor removed from _ the 
analysis. The simplest manner to perform such an 
analysis on these data was to do the breakdown at 
each of the two levels of skew. The results of these 
analyses are given in Tables 7 and 8. As was the case 
in the four-way analysis of variance in both of the 
breakdown analyses (three-way), the highest order 
interaction is significant at the 99 per cent level of 
probability. Consequently, at this point it is evident 
all factors investigated are influential in producing 
surface roughness of castings. The mean square of 
the error variance in each analysis was small when 
compared to the mean square of all the other factors 
and interactions. This result indicates an efficient 
experimental design and lends credence to the re- 
sults. The error mean square is low since the degrees 
of freedom are high; however, this only verifies that 
a large sample tends to increase confidence which 
can be placed on the test results. It does not aid in 
the production or relationships between factors which 
in reality do not exist. 

One of the underlying assumptions in the analysis 
of variance is the homogeneity of the variances of 
the column and rows of the data. Since the means 
of the treatments in the experiment vary consider- 
ably, it is questionable whether the homogeneity 
of variances assumption holds for the roughness data. 

To test this assumption, Bartlett’s test? was applied 
to the data. This test proposed the criterion Q/I, 
which is approximately distributed as X? with (k-1) 
degrees of freedom, where: 


k 
Q=ninv—- x n, In v, and 
i= i 
ir l we. Te 
ore 3 (k-1) . oat n. n 
~ ad k 
where n= 3S nandv= $$ nv/n. 
i — 1 i _— 1 i 1 
499.39040 
For the hness data, 1 = ———_— = 495.3. 
or the roughness data, Q 100833 


From a Table of X2 distributions, it can be seen 
that this result is significant at the 99.5 per cent 
level and the hypothesis of homogeneity of variances 
is not justified in this case. This lack of homoge- 
neity of variances places some question on the valid- 
ity of inferences drawn from the analysis of variance. 
However, the extremely low error variance indicates 
that this lack of homogeneity of variances is not cri- 
tical in this case, and there is justification for draw- 
ing conclusions based on the analysis of variance of 
the roughness data. 

Since the interaction of all factors contributes sig- 
nificantly to surface roughness, a multiple linear re- 
gression was performed to obtain an estimation equa- 
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TABLE 9 — SUMMARY OF REGRESSION ANALYSIS 
OF ROUGHNESS Vs. X, %, P 








Simple Correlation No Skew Skew Right 
Coefficients N = 36 N = 36 
r 0.857 0.927 
RX 
r 0.377 0.186 
Re 
r —0.176 0.118 
RP 
r 0 0 
xo 
0 0 
Tbe 
0 0 
<P 
Multiple Correlation 
Coefficient 
r 0.9528 0.9527 
R*XoP 
Partial Correlation 
Coefficients 
r 0.942 0.949 
RxX*oP 
r 0.779 0.522 
Ro*XP 
r —0.501 0.362 
RP*x¢e 
x 200 200 
xX 
Ss 81.7 81.7 
X 
x 3.13 3.13 
o 
s 0.675 0.675 
oc 
x 125 125 
: > 
‘, 55.9 55.9 
x 530.3 596.7 
R 
S 244.3 267.7 
R 
X =average of mean diameter of sand grain distribution, in 
x microns 
§ = standard deviation from the average of the mean diameter 
x of sand grain distribution, in microns 


X =standard deviation units of sand grain distribution 
¢ 


S =standard deviation of standard deviation units of sand grain 
distribution 
X = mean squeeze pressure, psi. 

P 


Q 


S =standard deviation from mean squeeze pressure, psi. 
X = mean roughness, microinches 

R 
S =standard deviation from roughness, microinches 

R 


Where R= roughness 
X = mean diameter of sand grain distribution 
¢=standard deviation from mean diameter of sand 
grain distribution 





tion. No values for the two levels of skew were cal- 
culated; thus, two regression equations were obtained, 
one for each skew condition. The regression equa- 
tion for the no skew condition was: 


X = 257X_+ 136.7X* — .77X_ — 315.3; 
6 x P 


and for the skew right condition was: 
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x = 3.02X + 73.8X9 + 0.564% — $22.9, 


where: 
X, = roughness, in microinches, 
X_ = mean diameter of sand grain distribution, 
* in microns 
X¢ = standard deviation units of sand grain dis- 
tribution 


Xx, = squeeze pressure, in psi. 


Table 9 gives the correlation coefficients and re 
lated data. 

Based on the simple correlation coefficients, it is 
possible to estimate casting surface finish (rough- 
ness) with a high degree of reliability from the 
mean diameter of sand grain distribution in both 
skew conditions. Values of this correlation coeffi- 
cient of 0.857 and 0.927 justify the linearity as- 
sumption. On the other hand, the standard deviation 
from the mean diameter and the squeeze pressure 
are of little value for estimating this roughness in 
both skew conditions. However, this does not mean 
that they are unrelated to the problem. A future 
discussion of these factors in the regression analysis 
will follow later. 

When factors yield a weak relationship, it is of 
interest to learn whether there is any real relation- 
ship or whether the value of the correlation coeffi- 
cient could have occurred by chance. Moroney?2 
gives a method for testing this condition for any 
given sample size utilizing a student’s “t” test. This 
test is given by the following equation: 


_ ry\N-2 

y l-r? 
For the case where N = 36, it was found an 
r = + .422 or greater would occur only one time 


out of 100 by chance and that an r = + .325 or 
greater would occur only five times out of 100 by 
chance. Thus, only the simple correlation coeffi- 
cients of roughness to mean diameter are signifi- 
cant at the 99 per cent level and the roughness to 
standard deviation (*) for the no skew condition is 
barely significant at the 95 per cent level. From these 
data, it is clear that no predictions of roughness can 
be made with any factors other than the mean dia- 
meter for the simple two variable case. 

Since additional regression analysis was possible 
from the data, it was not necessary to limit pre- 
dictions to the simple two variable cases. The re- 
gression equations for both skew conditions have 
been given above. One interesting feature of these 
equations is that their general form is the same for 
both skew conditions. Moreover, the coefficients for 
each like term in the equations are similar. It 
appears that one general equation could be ob- 
tained, eliminating skew conditions which would 
serve satisfactorily to estimate roughness for both 
conditions. 

In the case of the no skew condition, if the X¢ 
and X,, are held constant, the roughness will change 
257 microinches for every 100 microns change in 
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mean diameter of sand grain distribution. For the 
skew right case, the roughness change is 302 micro- 
inches for each 100 micron change in mean dia- 
meter. In similar manner, it can be seen that for no 
skew each unit standard deviation change would 
produce a change in roughness 137 microinches and 
74 microinches for the skew right condition. Each 
pound per square inch squeeze pressure change re- 
sults in a change of 0.8 microinches for no skew and 
0.6 microinches for the skew right case. 


The one dissimilarity between the two regression 
equations is that the sign of the squeeze pressure 
term is opposite. The pressure term of the skew 
right equation indicates that increasing squeeze pres- 
sure increases casting roughness. 

In order to ascertain how useful the above re- 
gression equations will be for estimation purpose, 
the multiple correlation coefficient was calculated. 
A multiple correlation coefficient of 1.0 indicates 
complete linearity of the equation defining the re- 
gression plane. From Table 8, is it observed that 
the multiple correlation coefficients were 0.9528 and 
0.9527 for the no skew and skew right conditions, 
respectively. The relationship is approximately lin- 
ear and accurate predictions should result from the 
use of these equations. Since the multiple correlation 
coefficient are only slightly larger than the simple 
correlation coefficients, Tx’ it follows that the ¢ 


and P factors contributed very little toward the 
usefulness of these regression planes for estimating 
casting roughness. 

The partial correlation coefficients were calcu- 
lated since they frequently aid in the interpretation 
of simple relationships which are weak. This weak 
relationship may exist not because of the lack of 
linearity, but because no one variable is sufficiently 
closely related to the one which it is desired to pre- 
dict. Such is the case in this experiment. The simple 
correlation coefficient r.” yields a very weak relation- 


ship in both skew conditions; however, the re x 
“XP 


equals 0.779 for no skew and T => equals 0.522 
for the skew right case. Thus, the factor is more im- 
portant in estimating casting roughness than would 
have been believed from the simple correlation co- 
efficient. The same condition, as was just discussed, 
exists with tn? however, the relationship remains 


a weak one. 

Previously, it was inferred that the AFS Grain 
Fineness Number may be a poor method of defining 
a sand grain distribution. While this research was 
not designed to investigate this hypothesis, it was 
possible to analyze the data for grain fineness number 
effect. 

A three-way linear regression analysis was made 
using the GFN, P and the resulting roughness. Ac- 
tually, the three factors of the sand grain distribu- 
tion (X, ” and S) are replaced with the GFN. The re- 
sults of this analysis are given in Table 10 and the 
regression equation is as follows: 


X, = 1114.5 — 0.1 X, — 5.86 X,, 


where 























Cc. E. McQuiston 205 
TasLe 10 — SUMMARY OF REGRESSION ANALYSIS An examination of the correlation coefficients re- 
oF RouGHNeEss vs. GFN anp P. veals that high negative correlation (-0.916) exists 
N= 72 between the roughness and grain fineness number. 
| The roughness-pressure correlation is -0.0217 which 
Simple Correlation Coefficients is negligible. 
a a oa The multiple correlation coefficient, r, _., is equal 
Rite = —0.0217 0.9163. This indicates that the linearity assumption 
ike is a good one and that precise estimation can be 
‘Pc accomplished from the equation. Since for practical 
Multiple Correlation Coefficient purpose rT. . = Tp.cp then the pressure does not con- 
r = 0.9163 tribute to the estimation of surface roughness. The 
micel partial correlation coefficients do not change the 
Partial Correlation Coefficient evaluation; Tecp = -0.9162, again equal to - while 
TRG-P ee T ,p.c iS increased only slightly over the simple corre- 
'oe™ —0.0541 lation. The significance of the correlation coefficient 
R ia aid was again tested using the “t” test previously dis- 
base vd aan cena cussed. For N = 72, at the 95 per cent probability 
G = grain fineness number level r is equal to or greater than + 0.304 while at 
P = squeeze pressure 99 per cent level r is equal to or greater than + 0.233. 
X h agp Thus, all correlation involving pressure is not sig- 
z = roughness, microinches, nificant. 
X, = squeeze pressure, psi, Green-sand mixture properties are commonly used 
X,, = grain fineness number. to prognosticate casting finish. Such properties fre- 
TABLE 1] — GREEN SAND PROPERTIES 
(Average of 10 determinations) 
Com- Com- 
Distri- Squeeze Mois- pressive Specimen Distri- Squeeze Mois- pressive Specimen 
bution Pressure, ture, Strength, Perme- Hard- Weight, bution Pressure, ture, Strength, Perme- Hard- Weight, 
No. psi % psi ability ness gms No. psi % psi ability ness gms 
1 50 5.7 3.9 290 69 158.0 10 50 5.2 2.6 323 69 149.8 
100 4.3 237 74 163.2 100 3.0 273 72 153.6 
150 4.1 213 76 165.6 150 3.3 243 75 156.2 
200 4.4 202 78 166.6 200 3.6 232 77 157.2 
2 50 5.2 4.1 196 72 165.0 11 50 5.2 3.2 214 70 163.6 
100 5.2 148 78 168.5 100 3.6 183 76 166.4 
150 6.2 126 81 171.0 150 4.0 161 77 168.7 
200 6.7 112 82 173.0 200 4.2 150 78 171.2 
3 50 5.0 4.0 76 73 167.0 12 50 5.2 3.2 208 72 152.7 
100 6.4 54 79 170.6 100 3.9 176 76 156.4 
150 7.7 47 82 172.9 150 4.4 152 79 159.3 
200 8.5 45 84 175.0 200 46 142 80 161.7 
4 50 5.2 3.3 142 72 158.2 13 50 5.2 3.5 136 73 157.6 
100 3.7 117 77 162.0 100 3.9 115 76 161.4 
150 3.8 108 78 164.7 150 4.1 106 77 164.0 
200 4.0 103 78 165.9 200 4.3 100 78 166.2 
5 50 5.2 4.1 106 74 166.2 14 50 5.2 3.1 134 71 151.4 
100 52 82 78 169.1 100 3.6 110 76 154.9 
150 5.9 71 80 171.3 150 4.1 100 78 157.2 
200 6.2 67 82 172.8 200 4.3 92 79 158.4 
6 50 5.2 4.5 66 74 164.5 15 50 5.1 4.3 83 74 158.8 
100 5.6 53 80 168.8 100 5.1 66 79 162.9 
150 6.5 46 83 171.2 150 5.7 59 81 165.8 
200 72 45 84 173.3 200 6.1 54 83 167.8 
7 50 5.3 3.1 59 66 144.9 16 50 5.2 3.8 42 72 157.3 
100 3.8 50 73 148.4 100 4.1 38 74 160.9 
150 4.2 46 75 151.3 150 4.4 ' $8 76 163.6 
200 4.5 44 77 152.9 200 46 36 76 164.7 
8 50 5.2 3.0 52 65 143.9 17 50 5.2 3.6 46 70 150.4 
100 3.7 45 71 147.8 100 4.2 38 75 153.5 
150 4.3 41 75 150.7 150 4.7 36 76 156.3 
200 4.6 38 76 152.8 200 4.9 33 78 158.3 
9 50 5.2 4.9 28 75 154.4 18 50 5.1 3.5 49 72 142.7 
100 7.1 12 82 162.1 100 4.1 44 76 146.3 
150 9.1 9 85 166.8 150 4.6 42 78 148.9 





200 10.2 8 87 170.3 200 4.9 39 81 150.8 




















206 


quently used are the green compressive strength and 
green hardness. These properties are given for each 
sand mixture in Table 11. To evaluate their useful- 
ness as predictors of surface roughness, simple regres- 
sion analysis was made of each against roughness. 
It was found that the correlation between green 
compressive strength and roughness was -0.334. For 
N = 72 this value barely significant at the 99 per 
cent ‘level of probability and is weak relationship. 
The green hardness-roughness correlation was -0.179. 
This value is not significant at the 95 per cent level. 
Therefore, it is obvious that neither of these pro- 
perties would be useful in estimating casting rough- 
ness. 


DISCUSSION 


Chairman: D. J. Pusak, Cincinnati Milling Machine Company, 
Cincinnati, Ohio. 

J. B. Cainel (Written Discussion): The importance of this 
paper warrants a rather detailed discussion of the method used 
to determine the surface finish numbers. This is particularly 
true since a companion paper on this subject was not published. 
It should be emphasized that the microinch value values given 
in this paper are means about an average. In shop parlance this 
roughly translates into that the values given are “plus or minus,” 
that the distance between the bottoms and the tops of the 
bumps are approximately twice the mean values given. 

With this point in mind it is possible to make rather precise 
correlations between average void size (as determined by average 
grain size) and permeability insofar as these two basic variables 
are influenced by compaction, grain distribution and density. 
The field is covered completely and it is possible to predict sur- 
face finish from the data of this paper for most any sand within 
the limits imposed by the test specimen. 

There is a remarkable check between the theory of particle 
packing and Dr. McQuiston’s results. It has been shown that dry, 
unbonded spherical particles of uniform size compact to a 
definite density and a definite orthorhombic configuration. Such 
a compact contains voids of two sizes, each size dependent only 
on the particle size. It has also been shown that foundry sands 
closely follow these theoretical concepts. It is quite remarkable 
that the band of microinch roughness values reported by Dr. 
McQuiston falls almost exactly between the half radii (re- 
member — plus or minus) of the two void sizes present in an 
orthorhombic configuration of spherical particles. 

This check implies that the metal has filled the surface voids 
as half spheres due to surface tension. An important corollary 
is that any independent variable that will decrease this surface 
tension to allow the metal to penetrate past the half sphere 
point will increase surface roughness. Two such variables are 
pressure and heating of the sand, particularly by metal flow. 
Therefore, the surface roughness values given in this paper are 
probably minimums that can be increased by other variables 
that can be independent of the sand. 


Dr. C. E. McQuiston (Reply to Written Discussion by Mr. 
Caine): The author wishes to thank Mr. Caine for his very in- 
formative discussion. 

Mr. Caine raises the point that surface roughness expressed 
in microinches is an average and this leads him to consider the 
range from hills to valleys on a casting surface as roughly twice 
the average value reported. Mathematically, it is not correct to 
consider the range as twice the average, although, it would be 
satisfactory as a rough estimation. The actual range will normally 
be something less than twice the average. By empirical methods 
it has been determined that the surface roughness range will 
be best approximated by 1.6 or +0.8 times the average.? 

If Y is the height in microinches from (above or below) some 
nominal surface, then the arithmetical average surface rough- 
ness (used in this paper) can be expressed as: 


¥; +¥o+Y¥g+Y¥g+..... 2 
N 


where N is total number of vertical measurements. 
In using a stylus tracer with electrical amplification an infinite 
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number of vertical measurements are obtained. The arithmetical 
average height is expressed for this case as: 


1 x—1 
-—— Y dx 
1 Ys 5 


where x is the distance along the nominal surface and | is 
the length over which the average is taken. 

The above discussion is given to help advance an under- 
standing of the common measure of surface roughness. It in no 
way invalidates the excellent work of Mr. Caine in correlating 
the data from this paper with theoretical particle packing. If 
the void sizes are determined using 0.4 radius rather than half- 
radius, it will refine the high correlation already shown by Mr. 
Caine. 

GrorceE Di SyLvestro:3 Was the sand used all the same shape? 

C. E. McQuiston: No, no consideration was given to shape of 
grain. 

N. C. Howetts:4 Your unexplainable dip on several of your 
curves may be caused by a certain blend of sand. 

Mr. McQuiston: No consideration was given to any particular 
blend. We had to blend at least six sands to get the classification 
needed and skew, etc. 

R. W. Hetne:5 Did you take your profilometer readings from 
the edge of the cube and were the strokes up or down? 

Mr. McQuiston: No, we used random traces with no set 
pattern to insure proper sampling. 

Mr. HEINE: Your conclusion on squeeze pressure as stated in 
your paper rightfully states that this conclusion may not be 
applicable to actual squeeze practice. I want to congratulate 
the author on a valuable contribution to our sand knowledge. 

J. B. Caine: This paper was not preprinted and therefore I 
just got a look at it. However, I want to congratulate the author 
on a good contribution to our knowledge of sand. 

I also want to point out that this is the first time a stykes 
point instrument of this accuracy has been used on a casting. 
However, customers are starting to specify microinch finish on 
their blueprints and we have to know something of this. Mr. 
McQuiston’s paper showed the best finish in his tests at 200 
microinches. I have seen casting blueprints specifying 125 micro- 
inches. 

I also want to caution you to use the same type instrument 
as your customer. I want to point out that it has been shown 
that surface finish is proportioned to grain size and that this 
means permeability and packing characteristics. Radius of voids 
and void area calculations check closely with the values shown 
by McQuiston and therefore lend considerable credence to his 
work. 

It should be pointed out however that McQuiston’s values 
are optimum values; that is only a small volume of metal flowed 
over the sand and only a very low pressure head was used. 

I would like to ask the author how he cleaned the castings — 
were they shot blasted? 

Mr. McQuiston: We first made test castings and examined the 
surface at 10X before and after shot blasting. There was no 
apparent difference or movement of metal. I don’t know the 
pressure used or the shot size or distribution. 

Mr. Howe ts: How many different sands did you mix together 
in order to arrive at a given sand distribution. 

Mr. McQuiston: All of the blends used in this research were 
calculated to match the desired distributions. In the case of the 
200 micron average it was necessary in one case to blend as 
many as 6 different sands and in only one case was a roughly 
60-40 blend used. Consequently, it does not appear that the 
60-40 blend explains the rather sharp dips in the roughness 
curves for the 200 micron average. 


3. Burnside Steel. 
4. Naval Research Laboratory. 
5. University of Wisconsin. 




















FLUIDITY OF A SERIES OF MAGNESIUM ALLOYS 


J. E. Niesse,* M. C. Flemings,* and H. F. Taylor* 


ABSTRACT 

A vacuum fluidity apparatus was adapted for meas- 
urement of fluidity of magnesium alloys. The apparatus 
permits measurement of metal variables affecting fluid- 
ity without interfering effects from mold-metal reac- 
tions, or other molding and pouring variables. 

Fluidity of magnesium-rich portions of seven differ- 
ent magnesium alloy systems was determined. Fluidity 
data are presented for these alloys as a function of 
composition. Data are presented at both constant super- 
heat and constant pouring temperature. Fluidity as a 
function of alloy content was found to vary as the in- 
verse of the computed non-equilibrium freezing range 
curves. Addition of zirconium to magnesium alloys 
lowered the fluidity at low alloy content, but slightly 
raised the fluidity at alloy contents above 4 per cent. 


The different apparent fluidity of various alloys is 
well known to foundrymen. Some alloys are “easy” 
to cast, others are extremely “difficult”. This differ- 
ence appears to be fundamentally related to the mode 
of solidification of the alloy. Pure metals and some 
alloys solidify substantially at one temperature; they 
have definite melting points. Most alloys of com- 
mercial importance, however, freeze over a range of 
temperatures. Existence of this freezing range pro- 
motes dendritic or “mushy” solidification. In gen- 
eral, an increase of freezing range and degree of 
“mushiness” is considered to decrease fluidity. 

This work was undertaken to measure fluidity 
of magnesium alloys and relate the results to the 
metal variables such as temperature, freezing range, 
and mode of solidification. To accomplish this task, 
the variables of mold material and design were stand- 
ardized so that the fluidity results reflected only the 
intrinsic properties of the metal. 


Apparatus and Testing Procedures 


Ragone, Adams, and Taylor! have developed a sim- 
ple test in which the molten metal is run into a 
metal tube. The metal “head” is obtained by apply- 
ing a partial vacuum to the tube. Thus, the metal 
is not poured, but “drawn” into the fluidity tester by 
the vacuum. 


*Research Assistant, Assistant Professor, and Professor respec- 
tively, Foundry Section, Department of Metallurgy, Massachusetts 
Institute of Technology, Cambridge, Mass. 
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Ragone’s apparatus, modified to suit the peculiar- 
ities of magnesium, was used for the bulk of this 
work (Fig. 1). A steel tube, 0.126 + 0.02-in. ID, was 
used as the fluidity “spiral”. A two-way stop-cock 
permitted flushing of the tube with SO, before test- 
ing and instantaneous application of vacuum for the 
test. Pressure was controlled with a Cartesian mano- 
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Fig. 1 — Sketch of fluidity apparatus. 


In determining fluidity of each alloy, the melt was 
heated to 1500 F and six fluidity samples were taken 
at various temperatures as the melt cooled. For each 
of the six tests a new steel tube was used. Each tube 
was flushed with SO, immediately before testing. To 
carry out the fluidity test the tube was dipped below 
the melt surface and the pressure applied by twisting 
the two-way stop-cock. Fluidity was then measured as 
the number of inches that the metal flowed into the 
tube. 

Plots of fluidity versus temperature were constructed 
for each alloy. The data presented here are fluidity 
versus composition curves at constant superheat and 
at constant pouring temperature. 


Results and Discussion 


Fluidity investigations were made for the following 
alloy systems: 


(1) Magnesium-aluminum binary from 0 to 20 per 
cent aluminum. 

(2) Magnesium-zinc binary from 0 to 20 per cent 
zinc. 
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Fig. 2— Fluidity of gnesium-al 
from 0 to 20% aluminum. 
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(3) Magnesium-aluminum-zinc ternary from 0 to 
20 per cent aluminum-zinc. 

(4) Magnesium-zinc-zirconium system from 0 to 20 
per cent zinc with 0.5 per cent zirconium. 
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Fig. 3-—— Fluidity of magnesium-zinc binary system from 0 
to 20% zinc. 
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(5) Magnesium-thorium-zirconium system from ( 
to 20 per cent thorium with 0.5 per cen 
zirconium. 

(6) Magnesium-rare earth system from 0 to 20 pe: 
cent rare earths. 

(7) Magnesium-rare earth-zirconium system from ( 
to 20 per cent rare earths with 0.5 per cen: 
zirconium. 

In addition, Dow Chemical Co. supplied commer- 
cial alloys for comparison with the results obtainec 
from this study. Fluidity investigations were mad¢ 
with AZ92, ZK51, and ZH62 alloys. 


Magnesium-Aluminum-Zinc Systems 


Fluidity of the magnesium-aluminum system as a 
function of composition is shown in Fig. 2, and the 
fluidity of the magnesium-zinc system as a function of 
composition is shown in Fig. 3. The fluidity results 
of the magnesium-aluminum-zinc ternary system are 
shown in Fig. 4. 

Fluidity data of Busk and Marande? are also shown 
in Fig. 2 and 3. Busk and Marande used a standard 
spiral mold to determine fluidity. Their results should 
be different from those obtained with the vacuum 
fluidity apparatus because (1) the section size of the 
spiral pattern is much larger than that used for the 
tests with the vacuum apparatus, and (2) the vari- 
ables are more difficult to control using the spiral 
mold. 

Results plotted in Fig. 2 and 3 show that fluidity 
varies roughly as the inverse of the temperature 
range of solidification, i.e., the temperature difference 
between the liquidus and the solidus. Since freezing 
of these alloys occurred rapidly, an equilibrium freez- 
ing was impossible; the temperature range of solidi- 
fication was the temperature difference between the 
non-equilibrium liquidus and the non-equilibrium 
solidus. The non-equilibrium freezing range can be 
estimated for the eutectic type binary alloys using the 
equation: 
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Fig. 4— Fluidity curves at 1400 F for magnesium-rich corner 
of the magnesi alumi zinc ternary system. Fluidity in 
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Ww, x, x, = X, 


where: W, = weight of liquid remaining 
W_ = total weight of specimen 
x" = weight percentage of alloying element 
in original melt 
Xx = weight percentage of alloying element 





in remaining liquid 

X, = weight percentage of alloying element 
at eutectic composition 

X= weight percentage of alloying element 
at point of maximum solubility. 


This equation assumes (1) no diffusion in the solid 
state, (2) complete diffusion in the liquid state, (3) 
equilibrium liquidus and solidus are straight lines, 
and (4) there is no depression of the eutectic tem- 
perature. Realistic values for w/w, to designate 
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Fig. 5— Equilibrium freezing range (in F) of magnesium- 

aluminum-zinc ternary diagram in magnesium-rich corner. 

Taken from Liquidus and Solidus Surfaces in ASM Metals 
Handbook.! 


liquidus and solidus are chosen near one and zero. 
By assuming 0.9 for the fraction W,/W and then 
solving for Xx, the temperature of the remaining 
liquid could be found from the equilibrium phase 
diagram. This temperature corresponds roughly to 
the non-equilibrium liquidus temperature. Non- 
equilibrium solidus temperatures could be found by 
assigning small values to W, /W_, solving for X, and 
finding the corresponding temperature. Assuming 
W,/W,, is 0.01 for the magnesium-aluminum non- 


equilibrium solidus and subtracting the solidus tem- 
perature from the liquidus temperature would give a 
non-equilibrium freezing range curve which is shown 
in Fig. 2. The non-equilibrium freezing range curve 
for the magnesium-zinc system is shown in Fig. 3 and 
was found by assuming that W/W, is 0.03 at the 


non-equilibrium solidus. 
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Fig. 6 — Estimated non-equilibrium freezing range (in F) 
for magnesium-rich corner of the magnesium-aluminum-zinc 
ternary diagram. 


Microscopic examination of etched rods of mag- 
nesium alloys after they were extracted from the 
metal tubes showed evidence of coring. Every alloy 
examined showed signs of a second phase, probably 
eutectic, which increased in amount as the percentage 
of alloying element increased. A small amount of this 
second phase was found in the grain boundaries of 
the alloy analyzed at 0.74 per cent aluminum, even 
though the maximum solubility of aluminum is 8.4 
per cent. This microscopic examination tends to em- 
phasize the validity of the equation used above. 


Although the fluidity curves for the magnesium- 
zinc binary system are fairly straight, the curves for 
the magnesium-aluminum system bend up at higher 
aluminum contents. This effect is caused by the prox- 
imity of the magnesium-aluminum eutectic at 32 per 
cent aluminum; whereas the eutectic for the mag- 
nesium-zinc system is at about 55 per cent zinc. 


Using the non-equilibrium freezing range data for 
the binary alloys and the equilibrium freezing range 
(Fig. 5) of the magnesium-aluminum-zinc ternary 
diagram derived from ASM Metals Handbook,*® an 
estimated non-equilibrium freezing range diagram was 
constructed (Fig. 6). The inverse of this diagram 
corresponds closely with the fluidity results for the 
magnesium-aluminum-zinc ternary shown in Fig. 4. 
The rise of fluidity at compositions close to 8 per cent 
aluminum-8 per cent zinc is caused by the effects of 
the ternary eutectic (at 15 per cent aluminum, 36 
per cent zinc) which begin to appear in this area as 
evidenced by the decrease in non-equilibrium freezing 
range in Fig. 6. 

Commercial alloy AZ92 was tested. Its fluidity at 
1400 F is shown in Fig. 4. The fluidity value, 6.0 
in., is in good agreement with the results of this 
study. Part of the small difference may be caused by 
the higher manganese content of the experimental 
alloys (about 1.3 per cent manganese as compared to 
0.23 per cent for AZ92). 
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Fig. 7 — Fluidity of magnesium-zinc-0.5% zirconium alloys 
at 1400 F from 0 to 20% zinc. 
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Magnesium-Thorium-Zirconium System 

Fluidity of the magnesium-zinc-zirconium system at 
1400 F as a function of zinc content is shown in Fig. 7. 

Effect of zirconium on the magnesium-zinc phase 
diagram is not known, so the phase diagram of the 
magnesium-zinc binary system is shown instead. A 
curve at constant superheat cannot be drawn because 
the liquidus temperature is now known. However, the 
slopes of the curves of fluidity versus temperature 
indicate that the curves at constant superheat would 
be roughly parallel to the curve at 1400 F—similar to 
the fluidity curves for the magnesium-zinc system 
with no zirconium. 

The general form of the fluidity curves of Fig. 7 is 
similar to that of Fig. 3 which contains fluidity 
curves for the magnesium-zinc system with no zirco- 
nium. As would be expected, the fluidity of magne- 
sium with a small amount of zirconium is less than 
the fluidity of pure magnesium. However, when the 
zinc content of the magnesium-zirconium alloy is more 
than 5 per cent, its fluidity is slightly greater than 
the corresponding zinc alloy with no zirconium. This 
slight increase may be caused by the effect of zirco- 
nium on the mode of solidification. Zirconium is a 
strong nucleating agent in these alloys, and all such 
alloys investigated microscopically revealed a very fine 
grained, equiaxed structure; the alloys with no zir- 
conium showed a columnar structure. 

Commercial alloy ZK51 was tested and its fluidity 
at 1400F is included in Fig. 7. The agreement with 
the experimental alloys is good. 


Magnesium-Zinc-Zirconium System 

Fluidity of the magnesium-thorium-zirconium sys- 
tem as a function of thorium content is shown in 
Fig. 8. 

Very little is known of the phase diagram of the 
magnesium-thorium binary system. Therefore, a curve 
of fluidity at constant superheat could not be drawn. 
The estimated limit of thorium solubility in pure 
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Fig. 8 — Fluidity of magnesium-thorium-0.5% zirconium al- 
loys at 1400 F from O to 20% thorium. 


magnesium is shown in Fig. 8 at 10 per cent thorium. 

Fluidity of the thorium alloys decreased signific- 
antly as thorium content increased above 5 per cent 
thorium. This behavior is unusual especially since 
the estimated composition of the eutectic is only 35 
per cent thorium. No explanation of this behavior 
can be made at this time due to the limited available 
information of this system. 
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Fig. 9 — Fluidity of Alloy 80 and Alloy ZH62 as a function 
of temperature. 


Figure 9 shows fluidity curves as a function of tem- 
perature for experimental alloy 80 and commercial 
alloy ZH62. Alloy 80 contained magnesium, 7.10 per 
cent zinc, 1.62 per cent thorium, and 0.91 per cent 
zirconium; alloy ZH62 was analyzed after testing and 
contained 5.30 per cent zinc, 1.23 per cent thorium, 
and 0.69 per cent zirconium. 


Magnesium-Rare Earths and Magnesium-Rare 
Earths-Zirconium Systems 


Fluidity of the magnesium-rare earths-zirconium sys- 
tem at 1400 F is shown in Fig. 10. Four points of the 


Fig. 10 — Fluidity of 
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earths-zirconium systems 

at 1400 F from 0 to 9% 
rare earths. 
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magnesium-rare earth system are also shown; how- 
ever, in three of the alloys only a small amount of 
rare earths dissolved. These three points can only in- 
dicate a trend at very low rare-earth content. The 
fluidity of magnesium with 8.70 per cent rare earths is 
shown. 

The immediate rise in fluidity with small additions 
of rare earths cannot be explained due to the limited 
available information on the magnesium-rare earths 
systems. 

The major constituents of mischmetal (rare earths) 
are cerium and lanthanum. It is known that the max- 
imum solubility of cerium in magnesium is about 1.6 
per cent cerium and that there is a eutectic at about 
21 per cent cerium. Maximum solubility of lan- 
thanum in magnesium is about 2.6 per cent lan- 
tharum and there is a eutectic at about 10.8 per cent 
lanthanum.5 However, this information does not, in 
itself, explain the fluidity curves. 

Figure 10 shows that, at small rare-earth content, 
the effect of zirconium is to decrease fluidity; but at 
higher rare-earth content (8 per cent), the zirconium 
addition increases fluidity. Possibly this behavior is 
similar to that detected in the magnesium-zinc-zir- 
conium system. 


Conclusions 


1. The vacuum fluidity apparatus is a simple and 
reliable method of determining the fluidity of mag- 
nesium alloys. 

2. In all magnesium alloy systems studied, except 
the rare-earth systems, there was a sharp drop in 
fluidity as small amounts of alloying elements were 
added. When alloy content approached eutectic com- 
position, a rise in fluidity was evident. 
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3. Adding zirconium to pure magnesium reduced 
the fluidity of magnesium. But additions of zirconium 
to magnesium alloys of over 4 per cent zinc or rare 
earths increased the fluidity slightly. 

4. In general the fluidity varied inversely as the 
freezing range, or the temperature difference between 
the liquidus and solidus. Non-equilibrium freezing 
range curves were computed for alloy systems for 
which phase diagrams had been established; the in- 
verse of these curves followed the fluidity results 
better than the inverse of the equilibrium freezing 
range curves. 
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EFFECTS OF GASEOUS AND SOLID ADDITION ELEMENTS 
ON SURFACE TENSION AND CONTACT ANGLE (ON 
GRAPHITE) OF VARIOUS IRON-CARBON ALLOYS 


By 


Jack Keverian* and Howard F. Taylor** 


Introduction 


The interfacial energy of the surface between 
graphite precipitating from a cast iron melt may be 
of critical importance in determining the mode of 
solidification of cast iron. Buttner, Taylor and Wulff 
reported that the addition of magnesium altered the 
contact angle of cast iron in a graphite crucible.! 
This change in wetting characteristics was attributed 
to an increase in the graphite-melt interfacial energy. 
It was suggested that a critical interfacial energy 
existed above which spherulitic graphite was stable 
and below which flake graphite was the stable form. 

This observation suggested an area of basic investi- 
gation that could contribute to a greater understand- 
ing of the solidification mechanism of cast iron. The 
first part of this work was published in 1953 and pre- 
sented results of microstructural studies on some high 
purity iron-carbon and nickel-carbon alloys as well as 
a general theory of solidification in cast irons.? 

The results presented in this paper are a part of 
this original work, and give further data on the sur- 
face tension and contact angle of some iron-carbon 
alloys on graphite.? These results will contribute to a 
better understanding of the reactions occurring at the 
graphite-melt interface and the influence of this in- 
terfacial energy in affecting the mode of solidifica- 
tion of cast iron. 


Interfacial Energy and the Influence 
of an Adsorbent 

Before proceeding further, it may be well to ex- 
plain the phenomenon of interfacial energy and the 
meaning and origin of contact angle. 

Consider a molecule at the interface between a 
pure liquid and its vapor. This surface molecule is 
under the influence of a net inward attraction which 
is due to a greater attractive force exerted by the 
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other molecules in the bulk liquid than can be 
exerted by the molecules in the vapor phase. This 
net inward attraction gives rise to surface energy; 
for, if one were to increase the surface area, work 
would be required in moving molecules from the bulk 
liquid to the surface. 


Such a liquid will reduce its surface free energy 
by diminishing its surface area to a minimum con- 
sistent with external restraining forces such as field 
of gravitation, etc. Thermodynamically, this free 
energy per unit area is defined as surface energy 
(ergs/cm*?) which is equivalent to surface tension 
(dynes/cm). 


It is possible to lower the surface tension of a liquid 
if molecules of a second component are added which 
have a lower ability to be attracted to the molecules 
of the mother liquid. The bulk liquid will attract 
those molecules having the highest attractive field in- 
tensity leaving the surface with a net concentration 
of those molecules having the lower attractive field 
intensity. 


Due to the lower attraction now existing between 
the surface molecules and the bulk liquid, less work 
is necessary to extend such a surface. The net result 
of such a surface diluent is a lowering of the surface 
tension concurrent with an excess surface concentra- 
tion of the added component. Those substances 
which, when added to a system, lower the interfacial 
energy, will be referred to henceforth as surface active 
elements. 


The concepts of surface free energy and the quanti- 
tative influence of adsorption were first recognized 
by Gibbs in 1878.4 Gibbs derived the following equa- 
tion which relates the change in interfacial energy 
to a change in the activity of component 2 for a given 
excess surface concentration. One form of Gibb’s 
adsorption equation for a two component system at 
constant temperature and pressure is: 


oo” ae (1) 
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where y= interfacial energy (ergs/cm?) 
ag = activity of component 2 
T. = surface excess of component 2 
R = gas constant 
T = absolute temperature. 


Mechanism of Surface Tension Increase 


The mechanism by which nodulizing elements such 
as Magnesium or cerium can increase the surface ten- 
sion of a cast iron melt has been suggested by Kev- 
erian, Taylor, and Wulff? and also by Marincek,5+17 
and is a natural consequence of the above consider- 
ations on interfacial energy. 

Consider an alloy having a low surface tension due 
to the presence of surface active elements. It is possi- 
ble to cause an increase in the surface tension of such 
an alloy by removal or inactivation of these surface 
active elements. This suggested that perhaps the 
major role of the nodulizing elements in cast iron, 
such as magnesium and cerium, is to act as scavenging 
elements, lowering the activity of surface active ele- 
ments by forming stable compounds with them and 
removing them from solution. Such an action would 
limit the ability of surface active elements to lower 
the surface tension. 

This hypothesis lends one to the possibility that 
perhaps it is not the addition of a nodulizing ele- 
ment, such as magnesium or cerium, but rather the 
absence of certain surface active elements that is a 
necessary prerequisite for spherulite formation. In 
order to test this hypothesis, the microstructures of 
high purity iron-carbon and _ nickel-carbon alloys 
melted in vacuum were studied. These results have 
indicated that spherulitic structures can, in fact, be 
produced under such conditions.? 


An Approach to the Graphite-Melt 
Interfacial Energy 

Since the interfacial energy between liquid iron 
and graphite is of direct interest in the nucleation 
and growth of graphite from solution, the measure- 
ment of this interfacial energy under various condi- 
tions of the melt would be highly desirable. How- 
ever, study of the methods of measuring a liquid-solid 
interfacial energy has indicated that a direct meas- 
urement in this case is not possible with the present- 
day state of the science. 

As an alternate approach, the system presented in 
Fig. 1 was analyzed. Considering the interfaces close 
to the three-phase junction to be plane, a balance of 
forces leads to Young’s equation, Equation (2): 


%s ‘os “uc” (180-4) 

From this equation, it is seen that a direct measure 
of the liquid-gas surface tension and the contact an- 
gle would give the difference between the liquid-solid 
and gas-solid interfacial energies. This is as far as 
this relationship will carry one toward obtaining a 
measure of the liquid-solid interfacial energy. How- 
ever, it is possible that a judicious combination of 
the information from Young’s equation and Gibb’s 
adsorption equation would indicate the direction of 
the liquid-solid interfacial energy change upon addi- 
tion of another component. 
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Procedure and Apparatus 


A sessile drop apparatus was built for measuring 
the surface tension and contact angles of various iron 
alloys. Use of the sessile drop method was decided 
upon after studying all the methods of surface ten- 
sion measurements which are adequately described by 
Dorsey.* The sessile drop method consists of melt- 
ing a drop of metal on a level plaque and precisely 
measuring several parameters which define the drop’s 
shape. By use of Bashforth and Adam’s tables, it is 
possible to calculate the surface tension contact an- 
gle, and density provided the weight of the drop is 
known.7 

The sessile drop method had the advantage that 
both the liquid-gas surface tension and the contact 
angle of the melt on graphite could be measured 
simultaneously. There was an added advantage in 
that the final microstructure could also be examined. 


Description of Apparatus 

A general view of this apparatus is given in Fig. 2. 
The main vacuum chamber consists of a horizontal 
pyrex tube 90 millimeters in diameter and 33 in. 
long. This tube is attached to the pumping section 
by a side arm having a wax-sealed 45/50 standard 
taper joint. The presence of this standard taper joint 
facilitates alternating between two furnace sections. 

Both ends of the furnace have wax-sealed 71/60 
standard taper joints closed with optically flat win- 
dows. The windows allow optical temperature meas- 
urements to be made on one end, while pictures of 
the sessile drop can be taken through the other win- 
dow. 
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Fig. 2 — View of sessile drop apparatus. 
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A view of the susceptor and plaque assembly is 
shown in Fig. 3. This assembly consists of two con- 
centric graphite cylinders which act both as susceptor 
and container for the plaque holder. The inner and 
outer graphite cylinders and the plaque holder are 
fixed in relation to each other by means of a graphite 
pin, as seen in Fig. 3. 

The susceptor, plaque holder, and plaque are ther- 
mally insulated by means of minus 200 mesh graphite 
packed around the susceptor and contained within a 
64 millimeter diameter vycor tube 8 in. long. Two 
fitted slabs of carbocel prevent graphite powder spill- 
age at either end. The entire assembly is supported 
concentrically within the pyrex vacuum chamber 
with a specially shaped vycor cradle. The susceptors 
are induction heated by a coil mounted outside and 
around the glass vacuum chamber. Power is supplied 
by a 6 kilowatt induction unit operating at a fre- 
quency of about 40,000 cycles per sec. 

The vacuum is produced by an all-glass, three-stage, 
self-fractionating oil diffusion pump (Distillation 
Products Industries) having an ultimate pressure at 
25 C of 5 x 10° millimeters of mercury, and a pump- 
ing speed of 20 liters per sec at 10 millimeters of 
mercury. This diffusion pump is backed by a Cenco 
Hypervac 23 mechanical pump. 

A liquid nitrogen trap is provided between the fur- 
nace section and the diffusion pump. This arrange- 
ment allows the condensation of oil vapor backing 
from the diffusion pump and also prevents contami- 
nation of the diffusion pump oil by condensibles gen- 
erated in the furnace section. 

The sessile drop charge is positioned on the graph- 
ite plaque following the high temperature degassing 
treatment with the aid of a charging mechanism 
externally actuated by means of a magnet. 


Materials 
The compositions of the materials used for these 
experiments are shown in Table 1. Every effort was 
made to obtain the highest purity materials available 
in order to minimize the possibility of introduction of 
surface active elements which could adversely affect 





Fig. 3— View of susceptor and plaque assembly. 


EFFECTS OF ADDITIONS ON IRON-CARBON ALLOY 
the surface tension and contact angle values to b 
measured. 


Procedure 
An iron-carbon base alloy was initially prepare 


in a vertical furnace by melting high-purity iron 


(Table 1) in a high-purity graphite crucible unde 
vacuum (5 x 10¢ min. Hg). The bottom portion o: 
this base alloy was then sectioned into convenien 


sizes (about 1.2 grams), in preparation for charging 


into the sessile drop apparatus. A spectrographicall 
pure graphite plaque was leveled within the crucibl: 


assembly and the dross placed on a charging mecha- 


nism located inside of the vacuum chamber. Th« 


chamber was sealed and the system evacuated follow- 
ing which power was turned on and the graphite 


crucible assembly heated to 2100 C for degassing. 

The temperature was then lowered to approxi- 
mately 800 C, and the sessile drop charge positioned 
on the graphite plaque with the aid of the charging 
cart. The temperature was then raised to approxi- 
mately 1200C, melting the charge and forming a 
droplet on the plaque. Pictures (1X magnification) 
were then made on Kodalith Ortho Type 2 film. 
Enlargements (17X) of these negatives were neces- 
sary to produce an image of sufficient size for accur- 
ate measurements. Bashforth and Adams’ tables were 
then used for surface tension and contact angle meas- 
urements. 


Results 

In all cases it was found necessary to measure sur- 
face tensions and contact angles on sessile drops pre- 
viously saturated with carbon. When pure iron is 
melted in a graphite crucible, the contact angle is 
very close to zero. However, upon remelting this iron, 
now saturated with carbon, a contact angle greater 
than 90 deg is observed. 


This phenomenon is perhaps due to the very low 
interfacial energy which undoubtedly exists between 
graphite and a melt while the melt is dissolving car- 
bon. Special precautions were therefore taken to 
assure the presaturation of the sessile drop charges 
with carbon before melting on the graphite plaque. 
Since a cast iron melt is saturated with carbon when 
graphite is precipitating, this is the condition under 
which the graphite-melt interfacial energy would have 
the greatest meaning for the problem at hand. 


TABLE | — List OF MATERIALS AND ANALYSES 
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The same alloy density was used in all the surface 
‘ension calculations. An average of 13 density values, 
obtained from the sessile drop runs, was 7.09 grams 
per cu cm plus or minus 2.4 per cent. Since the sur- 
face tension of the pure iron-carbon alloy is only 
accurate to plus or minus 6 per cent, and the density 
term appeared in the surface tension calculation only 
as the first power, the uncertainty in the density is 
well within the overall variation. 

The surface tension and contact angles of seven 
vacuum-melted carbon-saturated iron specimens are 
given in Table 2. The surface tension of this alloy is 
1730 dynes per centimeter with a mean deviation of 
plus or minus 6 per cent. The contact angle for these 
alloys is 121 degrees plus or minus 3 per cent. The 
fact that a number of experiments were conducted on 
this alloy is due testimony to the unexpectedly high 
surface tension values that were being measured, and 
to the desire to obtain a reliable average value. The 
significance of results of these will be discussed in 
greater detail in a later section. 

- A run was made on a carbon saturated iron-] per 
cent silicon alloy in order to determine the effect of 
silicon on the surface tension and contact angle of an 


TABLE 2— COMPILATION OF SURFACE TENSION AND 
ContTACT ANGLE RESULTS 


























Fe -C 1200 C) 
Saturated 
Surface 
Tension, Contact Yis_'es 
Composition, Pressure, (dynes/ Angle, (dynes/ 
Run » A (Mm Hg.) cm) (degrees) cm) 
S-8 4.5 5 x106 1820 118 
S-9 4.5 6 x 10-6 1750 119 
S-10 4.5 9 x106 1710 115 
S-1] 4.5 1.4x 10-5 1820 121 
S-16 4.5 1.5x 10-5 1810 129 
$-17 4.5 7 x 1064 1620 118 
§-27 4.5 9 x 106 1939 125 
Average 1730 T21. 890 
+6% +3.7% +9.7% 
S-18 1% si-C 6 x 10-4 1710 123 930 
Fe-O-C (1200 C) 
Saturated 
§-8 — 5x103mm CO 1810 117 820 
8-9 — 1.3mm CO 1750 116 766 
S-10 — 510 mm CO 1600 116 700 
§-28 — 549 mm CO 1420 109 460 
Fe-S-C_ (1200 C) 
Saturated 
S-22 0.019%S 1.5 x 10-°mm 1290 132 860 
S-22; 0.010% 5S 1.5x 105mm 1375 129 865 
S-23 0.07 %S 8x 105mm 922 155 835 
S-24 1% Si-0.66%S 5x 10-°mm 970 145 790 
S-25 Basealloyfor 1 atm He 1260 124 704 
S-24 Under- 
treated with 
Ce 
S-26 Base alloyfor 1 atm He 1330 i32 890 
S-24 Properly 
Inoculated 
with Ce 
S-29 0.24% (air latm He 735 149 630 
melted base 
alloy) 
5-30 Basealloyfor 1 atm He 1350 130 868 
S-29 Properly 
Inoculated 
with Ce 
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iron-carbon saturated alloy (Run S18, Table 2). It 
does not appear that silicon has any significant effect 
upon the surface tension or contact angle of these 
alloys at this level of silicon concentration. 


Iron-Carbon-Oxygen Sessile Drops 


Two methods were employed in making iron-car- 
bon-oxygen alloys. The first method involved the in- 
troduction of oxygen by equilibrating an iron-carbon 
alloy with various pressures of carbon monoxide gas. 
Assuming equilibrium in the system, the oxygen con- 
tent of the melt can be calculated by having a knowl- 
edge of the carbon monoxide pressure above the melt. 

Three sessile drop runs were made in increasing 
total pressures of carbon monoxide gas. The surface 
tension and contact angles for these runs are listed 
under runs S-8, 9, and 10 in Table 2. 

It was suspected that the rate at which the oxygen 
content in the melt was approaching equilibrium with 
the carbon monoxide gas phase was slow, since 
approximately 144 hr were required for the surface 
tension of $10 to drop to 1600 dynes per centimeter. 

Equilibrium was then approached from the oppo- 
site direction by introducing an excess amount of 
spectrographically pure iron oxide into a pure iron- 
carbon base melt under a carbon monoxide atmos- 
phere. This base metal was used for run $36, and it 
is seen that the surface tension and contact angle are 
both soméwhat lower in this case than that measured 
for S10. 


Iron-Carbon-Sulfur and 
Iron-Carbon-Sulfur-Cerium Sessile Drops 

A number of experiments were conducted to meas- 
ure the surface tension and contact angles of various 
iron-carbon-sulfur, iron-carbon-silicon-sulfur and iron- 
carbon-sulfur-cerium alloys. 

The atmospheres used in this series of experi- 
ments were either vacuum or helium as specified in 
Table 2. It was found that vacuum melting caused 
some desulfurization of the alloys containing higher 
sulfur. The surface tensions and contact angles cor- 
respond to the sulfur content specified in Table 2. 

Base alloys for runs $22, 23, 24, 25 and 26 were made 
in the normal procedure except that specially pre- 
pared iron sulfide (33.6 per cent S) was used for mak- 
ing up the various sulfur-containing alloys. This iron 
sulfide was prepared in hydrogen gas in order to 
maintain a low oxygen content. Cerium metal was 
used for the preparation of the cerium-containing 
base alloys. The base alloys for runs $29 and 30 were 
made in air using armco iron and AUC grade graph- 
ite. These last two sessile drops were remelted under 
helium and the results also shown in Table 2. 

The results of the surface tension measurements 
for the sulfur-containing alloys are plotted in Fig. 4. 
The activity of sulfur in these alloys cannot be 
assumed to be equal to the per cent sulfur because 
of high carbon contents (approximately 4.5 per cent) 
and in some cases, silicon, both of which have a 
marked effect on the activity coefficient of sulfur. The 
activities of sulfur in these alloys can be calculated, 
however, using the data of Morris and Williams’ and 
Morris and Buehl.® This data is compiled in Basic 
Open Hearth Steelmaking for easy reference.1° 
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Discussion of Results 


At the time of this investigation, the value of the 
surface tension of pure iron had been reported at 
values of from 1380 to 1580 and it was thought that 
carbon was surface active. The surface tensions of 
various carbon-containing alloys were reported at 730 
dynes/cm (1% C, 0.030-0.040% O),13 825 dynes/cm at 
1225.C, 925 dynes/cm at 1360 C (3.32% C, 0.56% Mn, 
2.76% Si, 0.49% P, 0.13% S)14 and 1600 — (100 x %C) 
or 1150 dynes/cm at 4.5% C.15 This present investiga- 
tion has determined the surface tension of a pure 
iron-carbon alloy, saturated with carbon at 1200C 
(4.5%) to be 1730 dynes/cm. 

This result seemed to indicate that carbon is not 
surface active. In fact, if this value of 1730 dynes/cm 
were accepted, then it would appear that the surface 
tension value of pure iron was still too low as 


reported. 


Since the time this hypothesis was first presented, 
Halden and Kingery!® have reported the surface ten- 
sion of pure iron to be 1720 dnyes/cm and carbon 
to have no effect on the surface tension which is in 
close agreement with these results. 


Figure 4 presents and compares the data of this 
work with other investigators in the field.5.11,14,.15, 
16,17 This curve clearly illustrates the necessity of 
plotting and comparing surface tension results on 
the basis of activity of sulfur and not on the basis of 
per cent sulfur. When prop2r account is made of the 
influence of various alloying elements on the activity 
coefficient of sulfur, the differences which seemed to 
exist between various investigators are virtually elimi- 
nated, and agreement is found to be fairly good. 


It is also possible to calculate the excess surface 
concentration of sulfur in these iron-carbon alloys by 
a knowledge of the slope of the curve shown in Fig. 4 


EFFECTS OF ADDITIONS ON IRON-CARBON ALLOYs 


by use of Gibb’s adsorption equation. With increasing 
sulfur contents, the excess concentration of sulfur on 
the surface rapidly increases to a constant value of 
16.5 X 10°. This concentration corresponds to an 
area of 10.06A? per atom which is in good agreement 
with the value and compares with the value of 14.4 A? 
per atom obtained by Halden and Kingery1® of 
11.56 A® per atom in the plane of maximum packing 
in FeS.18 This value of 10.06 A? per atom is in very 
close agreement with the value of 10.49 A? per atom 
calculated from Paulings’ radius of 1.84 for S°. 


There is little doubt that oxygen would have a 
more pronounced effect on the surface tension if the 
oxygen solubility were higher. Since sulfur has a 
greater solubility in iron-carbon alloys and is simi- 
larly surface active, quite dramatic decreases in sur- 
face tension can be achieved with increasing sulfur 
concentrations. This effect of sulfur, and perhaps oxy- 
gen, could easily account for the low surface tensions 
reported for commercial gray irons. Carbon alone does 
not seem to be surface active, but can influence the 
surface tension of cast iron in an indirect manner, 
causing an increase in the activity coefficient of sulfur. 


Of particular interest to this work is the increase 
in surface tension upon treating a sulfur-containing 
iron-carbon alloy with cerium. This effect is seen by 
comparing the surface tensions of $24, 25, and 26, 
and also 29 and 30 in Table 2. In each case, the surface 
tension increases upon addition of cerium. The abil- 
ity of cerium to lower the activity of sulfur (desul- 
furize) is well-known and can easily account for this 
increase in surface tension by simple application of 
Gibb’s adsorption equation. This equation has pre- 
viously been applied to predict a decrease in surface 
t.nsion upon increasing the activity of a surface active 
element. It is the converse of this statement that 
applies in the case of cerium addition; the surface 
tension will increase upon a decrease in the activity 
of a surface active element. 
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Discussion of the Contact Angle Results 
The following equation is a result of making a bal- 
ance of the surface tension forces acting at point 0 
in Fig. 1: 
Vea Vs Py ¢, 008 (180-9) 
A knowledge of the liquid-gas surface tension 
(Yo and of cos (108-¢) allows one to calculate the 


difference between the liquid-solid and gas-solid in- 
terfacial energies. It is not possible to determine the 
actual magnitude of either value unless the other is 
known. 


If the gas-solid surface tension were assumed to re- 
main constant upon a change in liquid composition 
and the corresponding change in the liquid-gas surface 
tension and contact angle measured, one could 
calculate the resultant change in liquid-solid sur- 
face tension. However, the assumption that the gas- 
solid surface tension remains constant irrespective of 
variations in liquid composition is an oversimplifica- 
tion that may lead to faulty conclusions. The com- 
position of the gas-solid interface immediately at the 
junction of the gas-liquid-solid phases (point 0 in Fig. 
1) could be altered as a result of variations in liquid 
composition. There are two mechanisms by which 
this could be brought about: 

1) By chemical transport via the gas phase; especi- 
ally for high vapor pressure elements such as cerium, 
magnesium, sulfur, oxygen, etc. 

2) By surface diffusion of elements from the liquid 
onto the solid. Either, or both, of the above mecha- 
nisms, could alter the gas-solid interfacial energy upon 
a change in the liquid composition. 


The above discussion indicates that the gas-solid 
surface tension cannot be assumed to be constant upon 
a change in the liquid composition. Since 4 cos 


(180-¢) gives only aie it is not possible to 


calculate the actual es. of the liquid-solid 
interfacial energy change. 


In order to interpret and analyze the results ob- 
tained in this work, the following assumption seems 
warranted: the various interfacial energies of a pure 
iron-carbon alloy melted on graphite in vacuum is a 
maximum, and the addition of oxygen or sulfur has 
either no effect or results in a lowering of these inter- 
facial energies. 


Keeping this assumption in mind, one may analyze 
the results of the iron-carbon-oxygen experiments, the 
pertinent data being compiled in Table 2. Assuming 
equilibrium, it is seen that ag decreased from 


90 to 460 dynes per centimeter when oxygen was 
added to a pure iron-carbon alloy. The only way this 
decrease could have occurred, in the light of the 
above assumption, is by a lowering of the liquid-solid 
interfacial energy which, in turn, indicates oxygen 
adsorption at the liquid-graphite interface. This fact 
is not surprising in view of work done in other fields 
on the adsorption of oxygen upon graphite.19.20.21, 
22,28,24,25 
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The case for sulfur adsorption at the liquid-solid 
interface is not as conclusive. Examination of the %. 


ta values for runs $22, 23, and 24 indicates that 
with one exception these values are within the experi- 
mental error of the 890 value for the pure iron-car- 
bon alloy. This is not proof that the liquid solid in- 
terfacial energy is not changing, for a decrease in its 
value could be offset by an equivalent decrease in the 
gas-solid interfacial energy. Such a simultaneous de- 
crease in both these interfacial energies could result 
in no effective change in their difference. The only 
possibility of detecting a decrease in the liquid-solid 
interfacial energy by this approach is if the liquid- 
solid interfacial energy decreased significantly more 
than the gas-solid interfacial energy. This seems to be 
the case in alloy S29 where the addition of 0.24 per 
cent sulfur has caused an appreciable lowering of the 
iy value. Since the stock metal for this particu- 


fn alloy was made from armco iron and was melted 
in air, this decrease in liquid-solid interfacial energy 
cannot definitely be attributed to sulfur. Sulfur and/ 
or oxygen are suspected under such circumstances. 

Imposing evidence that sulfur is adsorbing at the 
liquid-graphite interface can be found in an article 
by Spratt and Kitchener.26 These investigators found 
that iron melted in a graphite crucible in the temper- 
ature range of 1200—1700 C acquired the equilibrium 
concentration of carbon in less than 3 hr. However, 
the corresponding case of an iron sulfur alloy re- 
quired 15 to 20 hr before reaching equilibrium with 
graphite. 

A proposed explanation was that sulfur may have 
formed a stable “surface compound” with graphite, 
thereby retarding the transfer of carbon stems to the 
solution. The “surface compound” they postulate may 
be considered adsorbed sulfur at the liquid-graphite 
interface. Of course, adsorption would lead to a re- 
duction of the  liquid-solid interfacial energy. 
Although the case for sulfur adsorption at the liquid- 
graphite interface is not as powerful as the corre- 
sponding case for oxygen, supplementary evidence 
points in that direction. 

Examination of Table 2 reveals that the addition 
of cerium to a sulfur-containing iron melted in air 
has increased the value of ry close to that for 


a vacuum-melted iron- carbon alloy. Two possible 
explanations for this are: 


1) The addition of cerium lowers the gas-solid in- 
terfacial energy more than a corresponding decrease 
in the liquid-solid interfacial, and 

2) The addition of cerium raises the liquid- -solid 
interfacial energy more than a corresponding increase 
in the gas-solid interfacial. In view of the mechanism 
proposed for the effect of cerium on the liquid-gas 
surface tension, the second possibility is more likely. 


Microstructures 


The microstructures previously reported leave little 
doubt that vacuum melting followed by a moderately 
fast cooling rate will produce graphite spherulites in 
the interior sections of pure iron-carbon, iron-carbon- 
silicon (Fig. 5) and nickel-carbon alloys.? 
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This present work indicates that oxygen and sulfur 
both seem to favor flake graphite formation of a 
variety closely resembling that found in commercial 
irons. This effect of sulfur and oxygen can best be 
illustrated by examination of Figs. 6, 7, and 8. It 
should also be noted that the interior portions of 
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Fig. 5— Central zone of vacuum-melted Fe-C-Si alloy. Nital 
etch. 250X. 
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Fig. 6 — Outer zone of vacuum-melted Fe-C sessile drop (S27). 
Nital etch. 500X. 
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some of the sulfur and oxygen-containing drops had : 
few “clump” graphite formations that were ex 
tremely difficult to polish (Fig. 9). These graphit« 
formations, although compact, had none of the char 
acteristics of spherulites, but rather resembled morc 
the flake-aggregate nodules found in malleable iron. 


Closure 


It is not the purpose of this present paper to criti- 
cally analyze the many theories of graphite formatioi: 
in the light of these results. However, in closing, i 
may be desirable to mention that the results obtained 
herein further strengthen the hypothesis that a high 
graphite-melt interfacial energy favors graphit: 
spherulite formation. A high graphite-melt interfacial 
energy may manifest itself in the following two ways. 


1) A high interfacial energy acts as a barrier to 
graphite nucleation, causing undercooling and subse- 
quent supersaturation. Crystal growth in a supersatu- 
rated solution leads to a decrease in the growth rate 
among the various crystal faces?7 thereby favoring 
spherulite formation. 

2) A high graphite-melt interfacial energy causes 
the spherulitic form to become the thermodynamic- 
ally stable crystallographic shape thereby allowing the 
system to have a minimum free energy.! 

The choice between these two alternatives must await 
the results of further definitive work. 


Summary and Conclusions 
1) The liquid-gas surface tension of a high-purity 
iron-carbon saturated alloy at 1200C is 1730 dynes 
cm + 6 per cent and its contact angle on graphite is 
121 degrees + 3 per cent. 
2) Carbon does not lower the surface tension of 
pure iron, and, therefore, is not surface active. This 





Fig. 7 — Outer zone of Fe-C-O sessile drop (S28). Nital etch. 
600X. 
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indication has been confirmed by an independent 
study.16 

3) The addition of oxygen to an iron-carbon alloy 
by melting under 549 mm pressure of carbon monox- 
ide lowers the surface tension and contact angle of 
the base alloy from 1730 dynes/cm and 121 degrees 
to 1420 dynes/cm and 109 degrees. Oxygen lowers 
both the melt-gas surface tension and the graphite- 
melt interfacial energy in these alloys. 

4) The addition of sulfur to a pure iron-carbon 
alloy lowers the melt-gas surface tension appreciably 
although the effect of sulfur on the graphite-melt 
interfacial energy is not well defined. However, sup- 
plementary evidence indicates that sulfur may lower 
the graphite-melt interfacial energy. 

5) The excess surface concentration of sulfur in 
these alloys is calculated to equal 16.5 x 10° moles/ 
cm*, This corresponds to an area of 10.06 A? per 
atom which is in good agreement with the value of 
11.56 A? per atom of sulfur in the plane of maximum 
packing in FeS. 

6) The addition of cerium to a sulfur and/or oxy- 
gen-containing iron-carbon alloy causes an increase 
in the liquid-gas surface tension as a result of a de- 
crease in the activity of these surface-active elements. 
Cerium also causes a similar increase in the graphite- 
melt interfacial energy of an iron-carbon-sulfur alloy 
originally melted in air. 

7) Previous work indicates that graphite spheru- 
lites can be produced without the aid of inoculants 
in the central zone of yvacuum-melted high purity iron- 
carbon and nickel-carbon alloys under conditions of 
high graphite-melt interfacial energy. 

8) Both oxygen and sulfur additions to a pure iron- 
carbon alloy favor the formation of flake graphite 
structures similar to those found in commercial flake 
gray irons. 
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Fig. 8 — Outer zone of Fe-C-S sessile drop (S22). Unetched. 
600X. 





Fig. 9— Central zone of Fe-C-O sessile drop (S28). Nital 
etch. 600X. 
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W. D. WaALTHER* (Written Discussion): I think that the authors 
have made a notable contribution to the literature in their 
paper “Effects of Gaseous and Solid Addition Elements on the 
Surface Tension and Contact Angles of Various Iron-Carbon 
Melts.” The authors especially demonstrate that spherulitic 
graphite can be obtained from iron-carbon melts directly on 
solidification, in the absence of any inoculating additions. To 
obtain spherulitic graphitization, they made recourse to a high 
vacuum melting system, which would decrease the oxygen and 
other volatile impurity content to a minimum. 

This vacuum system has been used by the authors to measure 
contact angles and surface tension of iron-carbon melts equi- 
librated on graphite plaques. The authors have compared the 
interfacial energy values of high purity melts equilibriated in 
the high vacuum system to melts containing added oxygen or 
sulfur, and found much higher surface tension values for the 
high purity system. From these results and other considerations, 
the authors conclude the alternatives 1) There is some unique 
value of graphite-melt interfacial energy (“high”) which causes 
spherulitic graphite to be the stable crystallographic shape in 
the melt-graphite system, or 2) There is a unique value of 
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graphite-melt interfacial energy (“high”) — which inhibit 
nucleation, permits undercooling, and subsequent supersatura 
tion. 

I find it difficult to concur with either of these hypotheses. 

Hypothesis 1) states that relative surface energy values con 
trol the crystallographic shape in a solidifying system. The iron 
spherulitic graphite system commences nucleation of graphit« 
from the melt, when the system is far out of equilibrium, fo 
spherulitic graphite nucleates from the melt, 25-200 C below th: 
eutectic temperature of the system. The interfacial energy of th 
iron melt-graphite interface can not control such a non-equi 
librium system; the measurement itself connotes only an equil: 
brium value — a value which can change with impurity conten: 
undercooling, etc. Even so, very favorable equilibrium surfac: 
energies do not affect crystallographic shape on solidificatior 
This is elaborated in a paper by Cyril S. Smith and C. Wang 
discussing undercooling in minor liquid phases in binary alloys 
They demonstrate that the equilibrium angles of an equilibriated 
Al-Sn alloy are not at all achieved on solidification of an Al-Sn 
sample. The tin rich phase envelopes aluminum grain boundaries 
on solidification, but disperses to stable contact angles on holding 
an Al-Sn sample above the eutectic. Thus, interfacial energies 
alone are not sufficient to permit the dispersion of minor phases 
to their equilibrium shapes. (This is also treated in a discussion 
of Chalmers’ paper by H. K. Hardy? in which Dr. Hardy refuted 
the importance of surface energies in controlling silicon dis 
persion in modified aluminum-silicon alloys.) 

If the surface energy was favorable for crystallographic stability 
of spherulitic graphite in an iron-carbon melt then graphite 
nodules should be stable in a carbon saturated melt. The writer 
has attempted such an experiment, and found that, in fact, the 
melt penetrates the grain boundaries of spherulitic graphite, 
tending to separate each grain of graphite into separate grains. 
rhis is illustrated in Fig. A where samples of nodular iron 
were sealed in evacuated vycor tubes and heated to just below 
the eutectic (Fig. Aa) and just to the eutectic temperature 
(Fig. Ab). At the eutectic the graphite nodules were seen to 
decompose by dissolution and penetration of the liquid iron 
carbon melt through graphite grain boundaries. Just prior to 
reaching the eutectic the graphite remained spherulitic. Also, if 
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iron-carbon melts are equilibrated on graphite plaques in a high 
acuum system such as Dr. Keverian’s, the melt will penetrate 
grain boundaries of the graphite in the plaque and thus adhere 
io the plaque. This should have been evident in Dr. Keverian’s 
work. This evidence indicates that spherulitic graphite con- 
taining graphite grain boundaries is not a stable shape in liquid 
carbon saturated iron. 

In their study the authors neglected the iron-carbon melt- 
graphite grain boundary energy. It appears that the melt- 
graphite grain boundary interfacial energy is more important 
than the melt-graphite energy. Certainly it is more pertinent 
to the growth of multi-grained spherulitic graphite in these 
iron-carbon melts for determining equilibrium morphology of 
graphite. 

Hypothesis 2) states that a high interfacial energy at the melt- 
graphite interface supports a higher degree of undercooling than 
does a low energy value. This alternative hypothesis is based on 
the mathematical relations of Volmer,3 but these relations apply 
to homogeneous nucleation. The hypothesis would be true if 
the nucleation of both flake and spherulitic graphite were 
governed by homogeneous nucleation. Actually, of course, the 
graphite nucleation is governed by heterogeneous nuclei present 
in the melt. One might readily obtain undercooling in the iron- 
graphite system by vastly reducing the effectiveness of such 
heterogeneous particles in nucleating graphite. This might be 
accomplished by surface adsorption of a surface active element 
(Mg) or by removing oxides, nitrides, sulfides etc., which aid 
nucleation of graphite at or near the equilibrium eutectic 
temperature. Without such effective nuclei present the iron 
graphite system will undercool to a very significant value, even 
with a low interfacial energy (as low as 500 ergs/cm?) , for even 
a low value is sufficient to permit significant undercooling in a 
homogeneous system. Thus, the particular equilibrium inter- 
facial energy (melt-graphite) may be high or low, and one 
would obtain undercooling or no undercooling dependent only 
upon heterogeneous particles extant in the melt. This latter 
statement is supported directly by the experimental work of 
furnbull4 who demonstrated the influence of heterogeniety on 
the degree of undercooling in pure metal systems. 

Upon achieving a sufficient degree of undercooling the mor- 
phology of graphite can undergo a change from flake to spheru- 
litic form. Under rapid growth conditions many metallic and 
other systems undergo a change in growth habit from equiaxed 
to columnar. In the case of aluminum, germanium, etc., rapid 
growth causes a change in growth from the (100) direction to 
twinned crystallographic habit in the (112) direction. The 
change in graphite form from flake to spherulitic likewise is a 
consequence of the rapid growth rate caused by eventual nuclea- 
tion in a severly undercooled melt. Finally, the undercooling 
results from loss of the more effective heterogeneous muclei for 
graphite nucleation. 

1. “Undercooling of Minor Liquid Phases in Binary Alloys,” 

Trans. A.I.M.E. 1950, 188, pg. 138, C. Wang, C. S. Smith. 
2. H. K. Hardy, Discussion, Journal Inst. of Metals, 1947, 78, 

pg- 729. 

3. “Kinetik der Phasenbildung,” Volmer, M., 1939, T. Steinkopff, 

Leipzig. 

1. “Principles of Solidification,” David Turnbull: “Thermo- 

dynamics in Physical Metallurgy” A.S.M., 1950. 

J. Kevertan (Author's Closure): The authors are thankful to 
Dr. Walther for his discussion of our paper. We do not believe 
that there is a significant divergence in our respective points of 
view since the suggested mechanisms stated in our paper en- 
compass the mechanism suggested by Dr. Walther. Before com- 
centing upon Dr. Walther’s discussion, it may be well to further 
amplify the two alternative mechanisms presented in the paper. 
One alternative presents a mechanism by which graphite spheru- 
lites are formed as a result of growth conditions encountered 
in a super-saturated iron carbon liquid. The condition of super- 
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saturation can be obtained via a high liquid-graphite interfacial 
energy which acts as a barrier to graphite nucleation, as a result 
of fast cooling or by a lack of heterogeneous nucleation. All 
three of these conditions can lead to undercooling and super- 
saturation. The important factor to note in this mechanism is 
that it is the condition of growth that determines the spheru- 
litic shape. In an alternate mechanism, the spherulitic shape 
is considered to be a direct result of interfacial energy considera- 
tions. In other words, this mechanism considers that the shape 
of graphite is due principally to thermo-dynamic equilibrium 
considerations in which a sphere forms causing the system to 
have a minimum free energy. In summary, the former mechanism 
attributes the shape of graphite to the kinetic conditions of 
growth within a liquid iron-carbon alloy, whereas the latter 
mechanism attributes the shape of graphite to thermo-dynamic 
equilibrium considerations of minimum system free energy. 

The authors agree with Dr. Walther that the solidification of 
cast iron cannot be considered strictly as a case of homogeneous 
nucleation. There was no implication made that the authors 
considered only homogeneous nucleation in the precipitation of 
graphite from a solidifying iron-carbon alloy. The graphite-liquid 
interfacial energy plays an important role in both homogeneous 
and heterogeneous nucleation. A high graphite interfacial 
energy will lead to a prediction of greater undercooling in 
either case. It is also noted that the values of the liquid-substrate, 
the graphite-substrate, in addition to the liquid-graphite inter- 
facial energies, play an important role in determining the de- 
gree of undercooling in the case of heterogeneous nucleation. A 
complete rationalization of this matter of graphite nucleation 
must take all of these factors into account as well as determine 
the influence of the addition and removal of surface-active 
agents. This is a complex matter, indeed, but must be accom- 
plished before a complete understanding of this mechanism can 
be gained. 

Dr. Walther presents metallographic evidence that graphite 
spherulites do not represent an equilibrium shape in liquid iron 
saturated with carbon. This evidence is in the form of metallo- 
graphic specimens held at temperatures immediately below the 
eutectic temperature for long periods of time as well as speci- 
mens heated into the eutectic region. It was noted that those 
specimens held immediately below the eutectic temperature re- 
tained its spherulitic graphite form. However, when the tempera- 
ture was raised into the eutectic region, the graphite spherulites 
were observed to “break up” along the graphite-graphite grain 
boundaries. It is important to note, however, that as a speci- 
men is heated through the eutectic temperature graphite must 
dissolve into the matrix in order to convert a part of the 
austenite containing approximately 2 per cent carbon to an 
iron-carbon melt containing approximately 4.3 per cent carbon. 
In other words, during this heating process, graphite is dissolv- 
ing, thereby masking the original intent of the experiment. I 
am afraid that the interpretation placed on this observation can 
only be limited to the statement that a dissolving graphite 
spherulite is attacked more rapidly at its grain boundaries than 
at its surface. Under the conditions described by Dr. Walther, 
it is not possible to make a statement as to the thermodynamic 
stability of a graphite spherulite in a liquid carbon-saturated 
iron, It is significant to note, however, that when the specimens 
were held for long periods of time at a temperature immediately 
below the eutectic temperature, the graphite spherulites re- 
mained intact and did not disintegrate. This confirms similar 
experimental work that the authors have observed. 


The authors believe that the principal experimental data of 
our and other works, can be interpreted by either of these 
mechanisms, however, further work must be done before a 
definitive choice can be made. This statement applies equally 
well to the hypothesis set forth by Dr. Walther. 








SOME GENERALIZED SOLIDIFICATION STUDIES 


By 


Victor Paschkis* and J. W. Hlinka** 


I. Purpose 

Foundrymen have long attempted to gain knowl- 
edge of the solidification phenomena for they rec- 
ognized that the progress of solidification is a major 
contributing factor to the quality of a casting. More- 
over, knowledge of how solidification progresses will 
aid in design of feeding and risering, as well as in 
the choice of mold material. In earlier times bleed- 
ing tests! were the main methods of investigation. 
Quite apart of the technical difficulties and the short- 
comings of this method discovered later, interpreta- 
tion of bleeding tests and generalization of results 
was very difficult and mostly left to intuition. 

The next step in development was to compute solid- 
ification phenomena. Early attempts based on a rigor- 
ous mathematical analysis required sweeping general- 
izations,2 therefore, applicability to foundry con- 
ditions was quite limited. Later the use of large 
scale computing machines such as the Heat and Mass 
Flow Analyzer? resulted in prediction of solidification 
rates and solidification phenomena which were in 
close conformity with observed data. 

Finally the technique of temperature measurements 
in solidifying castings was so perfected that reliable 
temperature observations were available and, thus 
solidification could be studied.4 It is gratifying to 
know that the thermal studies by direct temperature 
phenomena obtained on the Heat and Mass Flow 
Analyzer checked closely. 

Yet the practical foundrymen had still considerable 
difficulties in utilizing the available knowledge. One 
of the more obvious reasons is the multiplicity of 
shapes with which he has to deal. However, this 
difficulty appears to be minor if one thinks of a 
casting being divided into a number of individual 
parts of relatively simple shape. Solidification of each 
part can be understood if the solidification pattern of 
simple parts is known. Another reason is the large 
diversity of metals and their properties, of molds and 
their properties and of auxiliary materials, such as 


*Technical Director and **Research Engineer, Heat and Mass 
Flow Analyzer Laboratory, Columbia University, New York. 
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chills, open or concealed, all of which contribute to 
yield a formidable problem. 

It appears almost hopeless to find a general pres- 
entation covering the exact solidification pattern 
taking into account all of the many variables; but an 
approximate answer is acceptable for many foundry 
problems. The present paper should be considered 
as a first step in finding such an approximate 
answer. 

The aim of the present paper is, briefly, to find 
the temperature distribution in a casting which is 
infinitely long; the pouring (bath) temperature is 
t,; the temperature of the surface of contact between 
casting and mold (interface) drops during solidifica- 
tion but is assumed in the present paper to be at a 
constant temperature t., the fusion temperature is 
tr. Figure 1 indicates schematically the temperature 
distribution at stations n, for times v.92 te 
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Figure 1 


Primary objective of the paper is to establish quan- 
titative curves of the type of Fig. 1 (see e.g. Fig. 3) 
which cover completely the range of temperatures 
t,» t, t, and also the range of material constants 
k, c, A, p (the latter are defined in IV) that one 
may encounter. The second objective is to establish 
the class of casting problems which are adequately 
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epresented by the foregoing family of curves. The 
first objective is achieved by selecting suitable non- 
dimensional combinations (see II) of the various 
quantities in terms of which the process may be 
described completely with the aid of relatively few 
figures. The second objective is only partially 
achieved (see III, VI, VII); much further work re- 
mains to be done. 


II. Concept of Dimensionless Parameters 


One of the basic ways of simplifying presentation 
and reducing the large amounts of data to manage- 
able proportions is the use of what is called tech- 
nically “dimensionless parameters.” In spite of the 
foreboding name the concept is simple and in its 
elementary form is quite frequently employed. The 
most common example is that of expressing, for 
example in a graph, temperatures not in degrees but 
as fractions of a maximum temperature. Such frac- 
tion or ratio is a “dimensionless parameter.” Similarly 
if it is stated that a certain relationship holds as long 
as the geometry, expressed in terms of a diameter- 
length ratio, is the same, then this diameter-length 
ratio is a “dimensionless parameter.” 

The common feature of both preceding examples 
is, that numerator and denominator had the same 
dimensions, degrees in the first example and feet 
in the second. 

It is only one step further to combine items, each 
of which has a dimension which is somewhat more 
complicated. Take, for example, the following prop- 
erties: 


specific heat, having the dimension Btu/Ib, F; 
heat of fusion, having the dimension Btu/Ib. 


The ratio of specific heat to heat of fusion then 
have the dimension of 1/degree. If this ratio is mul- 
tiplied by a temperature, a dimensionless unit or 
parameter is achieved. Obviously in order to make 
physical sense, the temperature, with which that 
ratio of “specific heat to heat of fusion” is mul- 
tiplied, should be relevant. 

In modern engineering, such dimensionless para- 
meters play a great role. If results in a problem are 
obtained, and if an appropriate set of dimensionless 
parameters has been selected, then the results for 


. the one case can be generalized to cover any number 


of cases as long as they result in the same values 
of dimensionless parameters. Staying with the above 
example say that the results of a_ solidification 
problem are obtained for a metal with a given 
specific heat, solidification range, (difference between 
liquidus and solidus temperature) and a given heat 
of fusion.* Then a different metal having the same 
ratio of (specific heat x solidification range) /heat 
of fusion would behave in the same way as the metal 
for which results have been obtained, the condition 
being equal (e.g. equal dimensionless superheat) . 








*Nucleation and other metallurgical phenomena are ignored 
and solidification is treated as a pure heat conduction phenome- 
non. 


223 


Ill. Simplifying Assumptions 

Introduction of dimensionless parameters reduces 
greatly the number of curves required to give the 
answers for any problem over a certain range of 
parameters. Yet solidification is so complex a process 
that even with the reduction in necessary curves due 
to use of dimensionless parameters a generally ap- 
plicable solution would be not only hard to obtain 
but cumbersome to use. Therefore, a number of 
simplifying assumptions must be used in order to 
get results which are reasondbly simple and, there- 
fore, practically useful. 

The first assumption to be mentioned is that the 
properties of the materials can be satisfactorily de- 
scribed by not more than two sets of properties, one 
for the liquid state and one for the solid state. That 
such simplification is permitted is obvious from the 
good correlation of the data obtained for specific 
cases by means of the Heat and Mass Flow Analyzer 
with observed temperature measurements. In fact it 
is questionable if it would not be possible under 
certain conditions to use only a single set of prop- 
erties which would hold for liquid and solid states. 

The second assumption which has been made in the 
studies reported there is that the surface temperature 
of the casting remains constant during the major part 
of the solidification process. That the surface tempera- 
ture changes only over a small range, if at all, has 
been found repeatedly both in temperature measure- 
ments and in computations. Assumption of a constant 
surface temperature eliminates, for the purpose of 
presentation of solidification data, the need to discuss 
the mold all together.+ After presenting a few samples 
of the available data a more detailed discussion of this 
assumption will follow. 


IV. General Solidification Charts 

As a first step in a program to obtain general- 
ized information on solidification, charts have been 
developed from which the variation of temperature 
with time and space in a slab can be determined 
during and after solidification. The charts have 
been set up for the assumption, mentioned above, 
that the surface temperature of the casting remains 
constant. The charts are set up for pure metals or 
for eutectic alloys freezing at a known constant tem- 
perature and are not directly applicable to alloys 
freezing over a temperature range. Two sets of charts 
have been developed; one holding for the assumption 
that the conductivity of the liquid equals that of 
the solid metal and the other holding for the as- 
sumption that the conductivity of the liquid metal 
is one-half of that of the solid. 

For the sake of presentation the following di- 
mensionless parameters have been used. 


l.u, = (t,—t) (¢/d) 
2. u, = (ty — t) (c/a) 
3. u, = (ty — te) (C/A) 
4. Neo = (ks/cp) (7r/L?) 


tHowever the mold material and temperature should affect 
the choice of the value of a constant interface temperature. 
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5. N®p, = (k,/Cp) (r*/L?2) 
6. B= x/L 
7. Meke f/L 
8. K = k /k, 


In these equations the following nomenclature 
has been used: 
c = specific heat of metal 
k = thermal conductivity of metal 
subscripts 1 = liquid 
s = solid 

L = critical dimension (half thickness of slab;* 

radius of cylinder) 
L, = distance from center to solid-liquid interface 
t = temperature 

subscripts: b = (bath) pouring temperature 

f = (fusion) melting point 
= interface (between metal 
and mold) 
n = relative position (x/L) 
= distance from center 
latent heat of metal 
density of metal 
= time 
* = time when center reaches t, (i.e., solidification 
completed). 


— 


x 
| 
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Before presenting any of the graphs developed, con- 
sider briefly the meaning of the several dimension- 
less units. The ratio u, is an expression for the 
difference between the melting point of the metal 
and the surface (interface) temperature of the cast- 
ing, which as explained above is assumed to be 
constant during the solidification; the unit u, is an 
expression for the superheat. Of the next two units, 
Ny, is the dimensionless time in general terms, 
N°,, is the time to freeze any point n in the body, 
while N*,, is the dimensionless time required for 
solidification of the entire casting, or in other words, 
the dimensionless time necessary for the center of 
the casting to freeze. 

The unit n is a ratio which describes the position 
of a point in the casting in relationship to the half- 
thickness of the slab; the unit ny describes the posi- 
tion of the freezing plane with regards to the half 
thickness of the casting. The unit u, is the tempera- 
ture at any point in the body; u, is positive for all 
points of the casting above the melting point; u, = 0 
at the melting point and u, is negative for those 
parts of the casting which have solidified. Finally 
the parameter K indicates the ratio of conductivities; 
if the liquid and solid conductivities are equal K = 1; 
if the liquid is one-half of the solid K = 2. 

Space does not permit presentation of all graphs 
resulting from work to date; but a few samples will 
be shown together with a table of available graphs. 

Altogether four different types of presentation were 
chosen: 


Graphs u, vs. Nyro 
Each graph holds for constant values of the follow- 


ing three characteristics: u,, u,, and K. Values of 


*The calculations of the present paper refer to the slab. 
Numerical results for the cylinder problem will be given in a 


subsequent paper. 
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Ny, are to be read on the abscissa axis, values of u,, 
on the ordinate axis. Graphs of this type are referred 
to as A graphs in Table 1. Each graph holds a 
number of curves, each curve giving the information 
for a particular value of n. Positive values of u, 
indicate the region of liquid metal, negative values 
solid metal; a value of u, = 0 indicates the point in 
question has reached the solidification temperature. 
In the graphs u, vs. Ny, it appears as if points 
near the center of the slab (small values of n) 
would remain for a finite length of time at the 
solidification temperature. This erroneous impres- 
sion is caused by the limited readability of the graph. 
Actually, the curves approach the value u, = 0 
asymptotically reaching this value at the time in- 
dicated by the point at which the curve drops below 
the solidification temperature. Thus, in cases in- 
cluding as condition u, = 0, i-e., no superheat, all 
ordinate readings are negative; in cases including as 
conditions u, = 0 the casting would never solidify 
and all ordinate readings would be positive. The 
abscissa reading for the point of intersection of any 
curve with the line u, = 0 gives the value of N°,, 
for the n-value of the curve, or, in other words, shows 
in dimensionless units progression of the freezing 
plane. 

At time + = 0 (or dimensionless time Ny, = 9) 
the entire slab is at temperature t,, thus for all 
the entire slab is at temperature t,, thus for all 
stations n one has u, = -u,. As the time varies from 
0 to infinity the temperatures t, drop, first rapidly, 
stations n one has u, = u,. At time r = (Np, = ~) 
then as the fusion temperature (u, = 0) is asymptoti- 
cally approached, the cooling is greatly retarded while 
the heat of fusion of preceding points is released. 
Next, the cooling is increased, first relatively slowly 
while the casting still has a liquid inner core, then 
at a fast rate when the entire casting has solidified, 
and finally again at rapidly decreasing rate as the 
limiting temperature (u, = -u,) is approached. 
Figure 2 illustrates this succession of events for 
uw, = O31; u, = OS; £ = 1. 

Graphs u, vs. n 

The curves are crossplots of the foregoing set of 
charts; values of n are to be read on the abscissa 
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xis; the several curves of each chart are marked 
vith a characteristic value of Ny,. The remarks re- 
garding u,, u, and u, made above hold here also. 
‘or any value of n read on the abscissa axis, the 
value of N°,, can be found by interpolating, be- 
‘ween Ny, values given on the line of u, = 0. 
Graphs of this type are referred to as B graphs in 
Table 1. An example for this kind of graph is shown 
in Fig. 2. 


TABLE ] — Types OF GRAPHS 











Scales Curve Constant -for 
'vpe Abscissa Ordinate Parameter each chart 
A Ny, UL, n u,, U,> K 
> 4 ‘ UL Na u,,U,> K 
- yer? Ny u, u,, K 
Nf en u, u, K 





Graphs N°,, vs. ner 

Each graph holds again for a combination of values 
of u,, u,, and K. It is not easy to follow the progress 
of solidification over the entire thickness by using 
either graphs A or B; in either case interpolation is 
necessary. Since, for many purposes, the progress of 
solidification is the most important information to 
be obtained from these studies, the present set, 
referred to hereafter as graphs C, were drawn to 
satisfy the need for this information. They are set 
up in a similar manner as previous publications of 
this laboratory on solidification. Because u, is no 
longer a variable, fewer graphs suffice to cover all 
the cases: each chart holds for one value of u, and 
on value of K. Each of the several curves on one 
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chart holds for a different value of u,. A sample of 
this chart is shown as Fig. 3. 

Graphs N*y, vs. U, 

In many instances only the time for total solidifica- 
tion (time when the center is frozen) is important. 
Then one can put the information for all cases in 
two charts, one each holding for a different value of 
K. In each of these charts u, may be read on the 
ordinate axis, while N*,, is read on the abscissa 
axis. Each of the several curves holds for a_ dif- 
ferent value of u,. These charts are referred to as 
graphs D in Table 1. An example is shown as Fig. 4. 
Only two curves are shown for u, = 0 and u, = 0.6 
since the effect of u,, is small. 


TABLE 2— TABLE OF CHART NUMBERS 














K=1 E=32 
u, u A B Cc D A B Cc D 
0 0.1 l 31 61 66 67 97 127 132 
0.5 2 32 62 66 68 98 128 132 
1.0 3 33 63 66 129 132 
1.5 4 34 64 66 70 100 130 132 
2.5 5 35 65 66 71 101 131 132 
0.05 0.1 6 36 61 66 72 102 127 132 
0.5 7 37 62 66 128 132 
1.0 8 38 63 66 129 132 
1.5 s) 39 64 66 75 105 130 132 
2.5 10 40 65 66 131 152 
0.10 0.1 ll 41 61 66 77 107 127 132 
0.5 62 66 128 132 
1.0 13 43 63 66 79 109 129 132 
1.5 14 44 64 66 80 110 130 132 
2.5 15 45 65 66 81 111 131 132 
0.20 0.1 16 46 61 66 82 112 127 132 
0.5 17 47 62 66 83 113 128 132 
1.0 18 48 63 66 84 114 129 132 
1.5 19 49 64 66 85 115 130 132 
2.5 20 50 65 66 86 116 131 132 
0.40 0.1 21 51 61 66 87 117 127 132 
0.5 22 52 62 66 88 118 128 132 
1.0 23 53 63 66 89 119 129 132 
1.5 24 54 64 66 90 120 130 132 
2.5 25 55 65 66 91 121 131 132 
0.60 0.1 26 56 61 66 92 122 127 132 
0.5 27 57 62 66 93 123 128 132 
1.0 28 58 63 66 94 124 129 132 
1.5 29 59 64 66 95 125 130 132 
25 30 60 65 66 96 126 i131 132 
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CHART *61 
K=I 
Ug= 0.1 


Up= 0 
Up= 0.05 
Up= 0.1 
Up= 0.2 
Ups 0.4 
Up= 0.6 


30 
Neo 
Figure 4 
Table 2 is a summary of graphs prepared with the 
appropriate ranges. 


V. Examples: 

A number of examples will now be given to show 
how the information contained in these graphs can 
be utilized for practical cases. Since the charts all hold 
for pure metals and eutectic alloys the thermal 
properties used in the following computations will 
be listed ahead of the examples. Consider the prop- 
erties of aluminum and iron to be as shown in 
Table 3. 


TABLE 3 — List OF PROPERTIES 














Properties Unit Al Fe 
Thermal 

conductivity Btu /ft hr F 130 40.0 
Specific Heat Btu/Ib F 0.215 0.11 
Density Ib/cu ft 169 490 
Heat of Fusion Btu/b 168 116 
Melting Point F 1220 2790 
Example 1: 


An aluminum slab of 4-in. thickness is freezing to 
two sides. It is estimated that the surface tempera- 
ture of the casting is at a constant value of 1142 F. 
The pouring temperature is 1259 F; what is the tem- 
perature distribution in the casting 22.3 seconds after 
pouring? 

The value of c/A = 0.00128. Therefore, 


u, = (t,—t) (c/a) = (1220 — 1142) x 0.00128 = 0.1 


Similarly the value of u, = (t, — t,) (c/A) = (1259 — 
1220) x 0.00128 = 0.05 


SoME SOLIDIFICATION STUDIE 


The time of 22.3 seconds must now be transformec 
into dimensionless units: 


Ngo = (Kks/cp) (r/L2) = (130/0.215 x 169) 
(22.3/3600) (12/2)2 = 0.8 


Read from Fig. 1 for a value of the abscissa of 0.8 
for n, = x/L = 0.982 the value of 


u, = (t, — &) (C/A) = — 0.0948; 
Nie = x/L = 0 
Un, = (ta — te) (C/A) = + 0.004. 


Values for ny to n,,; can be read in the same way. 


By dividing u,, by .00128 one obtains: 


for n, = 0.982 t,—t = — 741F 
t, = 1146F 
¢, =. 1217 F 


Another approach would be to utilize Fig. 2. One 
can readily interpolate, visually or otherwise, between 
Ny, = 0.5 and N,, = 1.0 for the desired Ny, = 0.8 
time and obtain the temperature distribution directly. 


Example 2: 

Take an iron slab of the same thickness as in 
Example 1; let the initial bath temperature be 
2843 F and the constant surface temperature 2685 F; 
what is the temperature distribution at 32.5 seconds? 
Then u, and u, have the same values as in Example 
1 but now Ny, = 0.242. Read from Fig. 1 for this 
value of N,, and, 


n = 0.982 u, = — 0.090; 
mee: u, = + 0.0280. 
by dividing n, by (0.11/116) = 0.00095 one finds for: 
n = 0.982 tr —tp= — 95F; t, = 2695 F 
n = 0 t,—t, = + 29.4F t, = 2819F 
Example 3: 


For a slab as described in Example 1 what is the 
time to freeze at the center at half thickness 1 in. 
below the surface if the initial bath temperature is 
now 1376 F. 


Use Fig. 3; the value of u, is now 0.2. Then read 
from Fig. 3 for 


0.5 Ny.° 
0 Neo? 


1.6 
5.1 


n 
n 


Find the times by multiplying Ny,° by L2pc/k,. The 
time so obtained is in hours. Transformed into min- 
utes one finds for 


n = 0.5 + = 0.745 minutes; 
n= 0 +r = 2.37 minutes. 
Example 4: 


For conditions as in Example 3 assume that the 
surface temperature is now held at only 829F, in- 
stead of the previous value of 1142 F. Then, 


u, = 0.5, while u, = 0.2 unchanged. 


By using Fig. 4 one finds 
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CHART 6 
K= | 


te) LO 2.0 30 « 4.0 5.0 6.0 
Neo 
Figure 5 
Ny,” = 42, r = 0.559 minutes. 


By reducing the surface temperature from 1142 F to 
829 F the time was reduced from 


2.37 minutes to 0.559 minutes. 


VI. Comparison With Solidification Experiments 

It would be desirable to check the validity of the 
assumptions made by comparison with previously 
established data. In solidification experiments5 and 
calculations® surface temperatures of the casting 
were not determined with sufficient accuracy to per- 
mit determination of u,. It is reported only that the 
temperature differences are very small. Therefore, 
an indirect check was chosen. 


It has been reported® that the solidification time 
of a 2-in. slab is 900 seconds = 0.25 hours. 


k 

Using the value of — as above in Example 1, one 
pc 

obtains 


Ng, = 3.58 x 0.25/ (1/12)2 = 129. 


Figure 4 serves to show the effect of u, and u, on 
Ny,* but does not permit convenient extrapolation 
to u, < 0.1. 


Therefore, in Fig. 5 values of 
N,y,* X u, are plotted against u,. 


These curves can more readily be extrapolated to 
small values of u, than those of Fig. 4, but exaggerate 
inaccuracies. 


One finds for u, =~ 0.2 an ordinate, 0.480 based on 
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CHART 133 
K=] 





0.4 0.5 0.6 07 os 
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Figure 6 


the assumption that u, = 0. With N,,* = 129 
u, = 0.480/129 = 0.00372. 


Checking the assumption N,y,* x u, = 129 x 0.00372 
= 0.480. From Fig. 6, u, = .004. 


If this value of u, prevailed, then the difference be- 
tween surface and center must have been 0.00372/ 
0.00128 = 2.9F. This checks with the statement that 
the temperature differences in the casting were small, 
and thus an indirect proof for the validity of the 
system is obtained. 
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LEGISLATION AFFECTING FOUNDRIES 


By 


Herbert J. Weber* 


More and more the various States are enacting 
enabling legislation to empower communities to 
establish air pollution regulations. It is estimated 
that over 2000 communities have air pollution laws. 
The greatest activity has been in the field of air 
pollution, but factory inspection laws are also be- 
coming more stringent. 

In order to show the impact on the foundry in- 
dustry of recent enacted and proposed legislation, 
it is sufficient to review a few of the salient charac- 
teristics of some typical laws. 


Air Pollution Legislation 

Many communities have already adopted or are 
thinking of adopting the so called ASME Model 
Smoke Ordinance and applying its regulations to all 
types of emissions, even though the Model Ordinance 
was written for fuel burning appliances only — such 
as powerhouse boilers. Part of this ordinance states 
“No person shall cause, suffer, or allow to be emitted 
into the open air from any fuel burning equipment 
or premises or to pass a convenient measuring point 
nearest to the stack outlet, dust in the gases to exceed 
0.85 Ib per 1000 Ib of gases adjusted to 12% COx,.” 


Meaning and effect of the expression: 
“Adjusted to 12% CO.” 

Per cent of CO, (carbon dioxide) in a stack is a 
measure of proper combustion of fuel . . . the higher 
the CO, the better the combustion and the less smoke. 

Now if a fuel burning stack has a low percentage 
of CO, . . . say 6 per cent . . . incomplete combustion 
may be occurring with resulting dense clouds of smoke. 
Thus the statement “adjusted to 12% CO,” was pur- 
posely written into the Model Ordinance. Obviously, 
the ASME Model Smoke Regulation Ordinance does 
not provide sufficient recognition of the difficulties 
connected with collecting the very fine non-combusti- 
ble particles from metal melting operations. Reduc- 
tion of visible effluents as recommended in the ASME 
Model Code requires only the efficient operation of 
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the fuel-burning equipment. The expansion of this 
code to cover metal-melting operations was never 
visualized nor intended when this ordinance was de- 
veloped. Now let us see what such a law does to 
metal melting operations. 

A neighboring powerhouse stack discharges 0.60 Ib/ 
1000 Ib of gases with a CO, content of 10 per cent. 
The adjusted emission is then 


0.60 x = = 0.72 1b/1000 Ib 


of gases, which is legal and the power company need 
not install a collector. 

In cupola melting operation, the fuel is a small 
percentage of the charge and, therefore, the CO, 
content of the emissions may be of the order of 5 
per cent. In the case of an electric furnace, no fuel 
is used and the only CO, produced will be a trace 
from the slow consumption of the electrode. 

Let us say that a cupola discharges with 5 per cent 
CO, 0.50 Ib/1000 lb of gases; the adjusted emission 


1 
will be .50 x = = 1.20 Ib/1000 lb. Here the cupola 


is actually causing less air pollution than the power 
stack, but a collector would be required under the 
law. The electric furnace could not discharge more 
than 0.07 1b/1000 without being in violation. This 
is obviously unfair to foundries. 


12 
x a =. 0.85 
0.85 
xX _ 
12 
x = 0.07 


Ringelmann Chart 

The model smoke law also includes the use of the 
Ringelmann Chart as the method of measuring the 
density of smoke. 

The Ringelmann Chart is completely inaccurate for 
measuring a non-black emission. It was originally 
designed to measure smoke only, since the blackness 
of a plume is related to the degree of combustion of 
fuel. Its use to measure the opacity of a non-black 
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emission such as iron oxide or zinc oxide from metal 
melting operations was never intended nor foreseen. 

If the Ringelmann Chart is used to measure the 
opacity of emissions from metal melting operations, 
most plants could not comply with the code even 
though they meet the requirements on the limitations 
of emissions, unless they install the highest cost, high- 
est efficiency, dust collectors. For the usual size cupola 
such equipment would cost in the neighborhood of 
$100,000.00 or more. 

Lower cost collection equipment, while performing 
at an efficiency of 85 per cent, would still emit a 
visible plume which would not satisfy the Ringelmann 
Chart requirements, but would satisfy the require- 
ments for emissions limits. If every stack eliminates 
approximately 85 per cent of its pollution, satisfactory 
conditions will prevail. As one approaches a collection 
efficiency where little or no visible plume is emitted, 
collection costs rise extremely rapidly. 

Furthermore, the use of the Ringelmann Chart for 
the purpose of evaluating emissions from metal melt- 
ing operations practically rules out the use of conven- 
tional wet collectors which could meet the emissions 
limits of the ordinance. 

Melting operations are hot (500-1600 F) so that the 
steam from wet collectors coupled with the emission 
of fines would yield a plume misleading to the ob- 
server even though a small amount of pollution is 
being emitted. 

It is proper to use the Ringelmann Chart for fuel 
burning equipment, since one need merely adjust the 
equipment for proper combustion. The Ringelmann 
is designed — and so intended — to eliminate careless 
firing of fuels. Thus its use in such situation imposes 
no hardship. 

In the case of an electric arc furnace, for example, 
there is no fuel used so that no adjustment of com- 
bustion is possible. In the case of a cupola or oil-fired 
furnace, the fuel is a small percentage of the charge, 
so that even with perfect combustion there will be a 
visible non-white emission. 

Where the effluent is composed solely of the prod- 
ucts of combustion, as in the case of an oil-fired or 
coal-fired steam boiler, proper combustion will yield 
a white emission (steam) which will satisfy the re- 
quirements of the Ringelmann Chart. 


Stack Temperature Adjustment 

Some communities, such as Detroit, have adopted 
ordinances which include a stack temperature adjust- 
ment and limit emissions to 0.30 grains of particulate 
matter per cubic foot of gas corrected to 500 F. 

This correction to 500 F is suitable for fuel burning 
equipment since any boiler having stack temperatures 
in excess of this amount is not efficiently removing 
heat as intended. In the operation of a cupola, stack 
temperatures during melting are seldom lower than 
1500 F even when efficiently operated. 

Now let us see what this correction does to a cupola. 
Suppose a powerhouse boiler discharges 0.3 grains/ 
cu ft at 600 F and a cupola discharges 0.3 grains/cu ft 
at 1500 F. Notice that they both contribute the same 
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amount of air pollution but discharge at different 


temperatures. 
The formula .to correct temperature to 500 F is as 


follows: 
(460 + 500) 
(460 +. Temp of Stack ) 





Air Volume x 


Applying the correction to the powerhouse stack 
and substituting stack temperature, we get: 


960 

— or 0.905 cu ft 

1060 
0.3 grains ous aa 
005 cu fu . grains/cu It. 


Applying the correction to the cupola stack and 
substituting stack temperature, we get: 


—— or 0.49 cu ft 
1960 

0.3 grains 

0.49 cu ft 


Thus the power stack with a minor adjustment in 
firing practice could meet the requirements of the 
code. The cupola, on the other hand, while con- 
tributing no more to the air pollution, would require 
expensive collection equipment since the correction 
factor would result in an adjusted discharge of double 
the legal amount. 


= 0.61 grains/cu ft. 


Oregon Air Pollution Law 

State-wide air pollution laws are not desirable be- 
cause of the differences in meteorology and topography 
from place to place and for other reasons. In Cali- 
fornia, for example, a state-wide law adequate for 
Los Angeles would work an unnecessary hardship on 
Fresno; and one suitable for Fresno would be in- 
adequate for Los Angeles. 

When Oregon enacted a state-wide law it recognized 
these inequities and decided to evaluate pollution at 
ground level where the nuisance is occurring. There 
is no limitation placed on stack emissions. 

Air pollution is deemed to exist in an industrial 
area when particle fallout rate exceeds 45 tons per 
square mile per month above the normal background 
value or when the suspended particulate concentration 
exceeds 250 micrograms per cubic meter above the 
normal background value. If these values are not 
exceeded no collection equipment is required by the 
regulations. While this is a commendable attempt at 
fairness, it is impractical for the following reasons: 


1) How can one determine the normal background 
value for a specific area of a city which is already 
built up without shutting down all sources of emission 
for 30 days. To extrapolate findings in a non-devel- 
oped area to one already developed has no scientific 
basis. 

2) To date, researchers in the field have been un- 
able to find any correlation between specific stack 
emissions and particle fallout. In other words, how 
can one determine from particle fallout in a given 
area what stacks should have dust collectors and how 
efficient they must be? 
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3) When collection equipment is required what will 
be an acceptable emission? Unless definite limitations 
on stack emissions are fixed, the law is subject to 
capricious enforcement. The degree of control re- 
quired can vary with the varying opinions of in- 
spectors. 

4) Most important, when one spends $30,000 to 
$125,000 for control equipment, one would naturally 
want a guarantee that the equipment will satisfy the 
Authority. Manufacturers of dust collection equip- 
ment cannot, on the basis of the Oregon law, give a 
guarantee, since they cannot thereby guarantee a 
decrease in area particle fallout. 


It seems to me that on any test case, the courts will 
find that the law is unconstitutional, since it is so 
vague and uncertain that it fails to prescribe an 
ascertainable standard of guilt and is, therefore, a 
denial of due process of law. 

Efforts to change this law on an engineering level 
have failed. The only recourse now open to foundry- 
men is to file an amicus curiae brief in order to obtain 
a court ruling on the constitutionality of the regula- 
tions. 


Allegheny County Smoke Control Ordinance 


Allegheny County, in its July 12, 1955 revision of 
the Smoke Control Ordinance, recognized the unfair- 
ness of other jurisdictions with respect to foundries 
and specifically exempted non-ferrous foundries, and 
cupolas and electric furnaces in any foundry from the 
application of the Ringelmann Chart to emissions 
and from the limitations imposed by the correction 
factors for CO, and temperature. 

The law qualifies the exemption by stating that any 
person responsible for the operation of electric fur- 
naces or non-ferrous foundries shall participate in a 
program of research to determine practical means for 
controlling emissions from such furnaces or non- 
ferrous foundries. 

The Authority recognized the difficulty in controll- 
ing emissions from non-ferrous foundries hence the 
law reads as follows: 


“All non-ferrous foundry plants shall incorporate 
those means of controlling emissions of smoke and 
fly ash to the atmosphere which have been found 
to be economically practical.” 


The Allegheny County Ordinance is an example 
of a cooperative approach recognizing the problems 
of industry. It should be noted that the intent of 
Allegheny County was not to impose regulations on 
certain operations for which, at the present time, 
there is no practical method of control. 


Zoning Legislation 
The new Chicago Zoning Ordinance which has not 
as yet been passed is an example of an unrealistic law. 
Among other things, it regulates noise, vibration, 
odors and particulate matter to a degree that appears 
to be unreasonable. 


Noise 
In a heavy industrial district (M-3), for example, 
the law restricts noise as follows: 


LEGISLATION AFFECTING FOUNDRIES 


“At no point on the boundary of a Residence or 
Business District shall the sound pressure level of 
any individual operation or plant exceed the 
decibel levels in the designated octave bands shown 
below.” 





Along Res. Dist. Along Bus. Dist. 





Boundaries — Boundaries — 

Max. Permitted Max. Permitted 

Octave Band, Sound Level, Sound Level, 

cps Decibels Decibels 

0- 75 72 79 
75 150 67 74 
150 - 300 59 66 
300 - 600 52 59 
600 - 1200 46 53 
1200 - 2400 40 47 
2400 - 4800 34 4l 
Above - 4800 $2 39 





When one considers that the noise level 2 ft from 
an adding machine has been measured at 77 decibels, 
the stringency of the ordinance becomes apparent. 


Vibration 
In a heavy industrial district, the law restricts 
vibration as follows: 


“Any use creating intense earth-shaking vibrations 
such as are created by heavy drop forges, or heavy 
hydraulic surges, shall be set back at least 500 ft from 
the lot lines on all sides, except for lot lines adjoining 
an M-3 District where such set back shall not be re- 
quired, but in no case shall any such vibration be 
allowed to create a nuisance or hazard beyond the 
lot lines.” 


Now suppose a foundry lot line adjoins a residential 
district and the jolt molding machines are on the 
outside wall, the effect of this ordinance is self evident. 
Furthermore, what if the molding machines cannot be 
set back 500 ft? 


Odors 

Performance standard for an M-2 District: 

“The emission of noxious or odorous matter in such 
quantities as to be readily detectable at any point 
along lot lines when diluted in the ratio of one volume 
of odorous air to four or more volumes of clean air 
or as to produce a public nuisance or hazard beyond 
lot lines is prohibited.” 

Suppose a foundry is located in an M-2 District, 
if core-oven fumes are detectable at the lot line after 
arbitrary dilution with four parts of clean air, the 
plant is in violation. 

In one area a zone line runs through the center of 
one forging company’s property. One part of the 
property is in an M-3 District and the other an M-1 
(light manufacturing). 


Atmospheric Pollution 
Atmospheric pollution restrictions are as follows: 
“The rate of emission from all] sources within the 
boundary of any lot shall not exceed a net figure of 
8 Ib per acre of lot area during any one hour.” Cor- 
rections are allowed for height, velocity and tempera- 
ture of the emissions. 
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Smoke (which is not defined in the ordinance) may 
10t exceed a No, 2 Ringelmann. 

Foundries located on 10-acre lots and discharging 
‘he usual amount of emissions can probably comply 
with the emissions limitations. 

If, however, effluents from: electric furnaces and 
cupolas are classified as smoke, all foundries would 
require high efficiency dust collection equipment. 


General Requirements 

A non-conforming use of a plant must be made 
conforming within a 10-year period. Failure to con- 
form in that period will result in shutdown. 

While the period of grace is lenient, it should be 
pointed out that if 50 per cent of a non-conforming 
plant is destroyed by fire or other cause; or if a non- 
conforming plant is shut down for a 6-month period 
because of strike or other reason, it may not be re- 
opened until the non-conforming use is in compliance. 

Furthermore, if any expansion of an existing non- 
conforming’ plant is planned, no building permit will 
be granted until the non-conforming use is made con- 
forming. 


Factory Legislation 


As an example of typical factory legislation, the 
proposed Foundry Health and Safety Act of the 
Province of Ontario may be cited. 

This act contains some requirements of special 
interest to foundrymen. It might be well to point out 
here that a special act is proposed for foundries, other 
industries coming under the general factory act. This 
is significant. 

It should be pointed out also that the safety provi- 
sions and ventilation requirements are taken practi- 
cally verbatim from our AFS manuals. This confirms 
the belief that where AFS does a satisfactory job of 
publishing information on safety, hygiene and air 
pollution, regulatory authority is apt to incorporate 
such information in codes. 

In the Ontario Act, however, there are some re- 
quirements with which we cannot agree. The princi- 
pal ones are: 
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1) “A foundry, heretofore established, in which the 
main floor level is below surrounding ground level, 
shall continue to operate only if authorized in writing 
by the Chief Inspector. 


2) “In all foundries, or additions thereto hereafter 
established, or constructed, no part of the ceiling shall 
be less than eighteen (18) feet in the clear above the 
foundry floor. 


3) “Five years after the enactment of these regula- 
tions all foundry buildings, in which any part of the 
ceiling is less than fifteen (15) feet in the clear above 
the foundry floor, may be required by the Chief In- 
spector to increase this height to not less than eighteen 
(18) feet. 


4) “In all foundry buildings, hereafter erected, the 
beams, sills and other horizontal members not readily 
accessible for cleaning, shall have surfaces inclined 
from the horizontal as steeply as practicable to pre- 
vent the accumulation of dust.” 


5) “Parting materials shall not contain more than 
two (2) per cent free silica or any inflammable mate- 
rial with an open flash-point less than one hundred 
(100) degrees Fahrenheit. 


6) “Dust collectors or air-cleaning equipment shall 
limit the exhaust effluent to a maximum dust content 
of 0.01 grains per cubic foot.” 


It is not the purpose of this article to consider all 
the existing or proposed laws affecting foundry opera- 
tions. The examples cited were selected in order to 
convey the notion that the impact of restrictive legis- 
lation on foundries is real. It behooves us as foundry- 
men to resist unfair legislation which places us at a 
competitive disadvantage and to resist any unreason- 
able legislation however equalized it may be. On the 
other hand, the just obligation to our employees and 
our neighbors must be satisfied. This can be done 
voluntarily at less expense or we can wait to have 
unreasonable laws forced on us, compliance with 
which will be more expensive. The former is the 
better course. 








THE PATTERNMAKERS APPLICATION OF PLASTICS 


IN INDUSTRY 


John F. Roth* 


For many years the patternmakers’ primary func- 
tion was to provide necessary tooling for the foundry. 
Addition of a new and important pattern material, 
yet to be more fully evaluated by the Foundry In- 
dustry, presents opportunities to the patternmaker. 

Plastic equipment both cast and laminated, has 
been adapted for use in loose patterns, cope and 
drag sets, matchplates and master pattern equipment. 
Cast or laminated plastic core boxes of single or 
multiple cavities are comparatively inexpensive. Blow 
core boxes with irregular partings should prove an 
excellent application as the manufacturing process 
required assures perfect fit and match. Insertion of 
steel wear pads for drier bearing points is simple. 

Selection of cast or laminate plastic is a problem 
that requires investigating and can be proven only 
by recording foundry results over an extended time 
interval. Plastic core drier fitting slugs have good wear 
characteristics plus dimensional stability for pro- 
tracted shelf life. Development of high-temperature 
resins presently being conducted will no doubt per- 
mit the use of epoxy driers in high heat ovens. 

When high-temperature epoxies are developed and 
proven, the application to shell mold patterns and 
core boxes is a strong possibility. The high cost of 
machined iron shell mold patterns warrants a com- 
plete investigation of metal filled high-temperature 
resins. 

Plastic-type paint coatings are used in protecting 
metal core boxes and have proven superior to un- 
protected metal in blow core usage. Use of a similar 
coating for wood patterns has not yet been evaluated. 

Patching kits of resin and hardener are available 
in squeeze-tube form and will make for easy repairs. 
Such repairs can be made on wood, metal, or plastic 
patterns if the surface is prepared before the plastic 
patch is applied. 

Use of plastics outside of the Foundry Industry 
grants the pattern-maker new areas of endeavor. The 
automotive industry has shown interest in epoxy pat- 
terns but has more readily adopted epoxies for other 
applications. The resin-impregnated mahogany used 
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for die-models is almost universal. While the model 
maker is recognized as a specialized craftsman, manu- 
facturers place over flow jobs in pattern shops. The 
checking fixture is usually all plastic and entails the 
lamination from a wood or plastic model with re- 
inforcing of plastic extrusions. Another procedure is 
the attachment of the plastic laminate working sur- 
face to a metal shroud, such as aluminum. 

The plaster Keller model is being supplanted by 
the epoxy model. While the epoxy model is an extra 
expense, the benefits of dimensional stability and 
resistance to stylus wear are the major advantages 
warranting that expense. 

In weldment fabrication many adaptations of the 
spotting fixture are being converted to plastics. Drill- 
ing fixtures likewise are being converted to plastics 
on a modest scale. 

Draw dies for limited runs made of low-carbon 
steels and soft metals can be made of plastics. Con- 
struction of such dies should be carefully analyzed 
to give satisfactory wear resistance plus the required 
rigidity. The possibility of replacement pieces at nom- 
inal cost may constitute a savings over a complex 
and expensive steel die. Forming dies fall in the 
same category and must be similarly evaluated. 

Aircraft requirements are similar to automotive but 
with a growing adaptation of plastics in assembly 
fixtures. 

Use of plastic die models has proven beneficial 
to forge shops and are similar to Keller models. 

The rubber industry has plastic tools of recent 
inception. The forming of vinyls is done by vacuum 
and the epoxy form is accepted. Curing of foam rub- 
ber in the vinyl skin is accomplished in an epoxy 
mold reinforced as required. The precision-cast tire 
tread ring has utilized plastic pattern equipment. 

The above constitutes the bulk of the pattern- 
makers’ application of plastics in industry. Many 
other and varied applications no doubt exist and 
many more will be developed. The patternmaker has 
an opportunity to go further afield, broadening his 
knowledge and diversifying his product. The ingen- 
uity required in patternmaking will serve in develop- 
ing interesting ramifications in plastic tooling, pro- 
viding commensurate returns. 




















DEVELOPMENT OF FOUNDRY MANAGEMENT 


Wm. J. Grede* 


What is management? Given a good engineering 
and metallurgical staff and technical know-how, we 
have the problem of coordinating these abilities 
and talents with materials and machines we have to 
work with and with our customers’ requirements, so 
that the result will be to serve the market with 
profit to both customer and producer. This is man- 
agement. That it is an important problem for all 
industry, but especially the foundry industry in which 
such a large measure of our success or failure de- 
pends on the quality of management. This is evident 
by the shortage of competent management people and 
the extreme competition for their services. Quality of 
management is one of those intangibles that is dif- 
ficult to define and yet probably the most important 
single factor in our success or failure. 

The writer is not referring merely to the details of 
an accounting technique as it relates to record keep- 
ing, cast keeping, or the function of the controller, but 
rather that overall skill and technique that seems 
to make an industry or a company “tick.” 

It calls for the highest degree of understanding of 
people and the atmosphere or climate in which they 
work. 

We should concentrate on the education of those 
people who attend technical meetings such as the 
AFS conventions. At these conventions you have the 
greatest gathering of foundry scientists and engineers 
that the writer knows anything about. It is im- 
portant that we develop in them a better under- 
standing of the field of management to help them 
develop skills that are so important to effectively use 
their know-how in that area we call management. 
We should help them develop a better understand- 
ing of the philosophy that is behind the free, com- 
petitive economy and political structure in which 
our American management has been so successful. 


Statistics indicate that the foundry industry is a 
highly individualized business. 


What has made our American management so suc- 
cessful, compared with that in other parts of the 
world=parts of the world which are rich in tech- 
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nical tradition and arts and skills, and yet we seem 
to far outrun them? Some of the greatest minds in 
the world have developed outside America. We can 
hardly say that we are in any sense more adequately 
equipped mentally—with physical resources, climate, 
or any other way. 

The writer has a conviction that our success is 
related to the peculiar and unique political and 
economic atmosphere in America, found nowhere 
else in the world. 

Engineers generally like things orderly. They work 
to formulas. While they exercise great ingenuity in 
the development of their designs and techniques, they 
do have a tendency to work within specific pat- 
terns. It is the writer’s observation that they are in- 
clined to accept, yes, even advocate, more orderly 
formulas and more orderly procedures than a so- 
ciety in a really competitive economy is inclined to 
develop. There seems to be today a drift toward not 
only a willingness, but a desire, to more and more 
accept the disciplines of government and the dis- 
ciplines of group action, rather than to support the 
freedom and liberty of the individual to exercise 
his own ingenuity in the development of his life, 
his economic activity, and his personal choices. 


Individual, Important, Significant People 

May the writer remind you that no corporation 
ever produced a pound of steel or a dime of profit. 
People do that — individual, important, significant 
people. 

No government ever produced a job, nor can it 
produce any economic security. People do that for 
themselves. Such governmental programs in which we 
now find ourselves entangled will produce no security 
for us or our government unless we as individuals are 
productive. We hear a great deal about the greatest 
good for the greatest number and about submitting 
to the will of the majority. 

While we have learned to work together in co- 
operation with large groups, the important decisions 
in every day life are still made and must continue to 
be made by individual people, not committees. Any 
program that makes the individual in the exercise 
of his personal responsibility and his individual in- 
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genuity subservient to the will of the group violates 
our American tradition and our entire concept of 
freedom, whether it is a trade group, a cartel, a 
union, or a government. It will destroy the com- 
petitive spirit out of which our progress came. 

If you would review the history of our great 
country, you will find behind nearly every success- 
ful company—in fact, behind many of our prosperous 
cities or communities—not a committee, but a man. 
Not that any one person does the job, but his leader- 
ship and spirit inspire the cooperation of many for 
a successful enterprise. Our complex society requires 
that we do more and more things together, but we 
must do everything in our power to dispel the popular 
notion that any group, government or association can 
do it for us. And so it is with management develop- 
ment. 

Men’s Importance As Individuals 

Therefore, it would seem to me that if we are 
going to develop the kind of management people 
we find so essential to the successful operation of 
our foundry business, that we have an individual 
responsibility to recognize in all of the people that 
are associated with us, their significance as persons. 
This in the last analysis is the foundation of our 
American philosophy of freedom. 

Our forefathers in setting up our government were 
concerned with the interference of the state or the 
government at all levels, interfering or limiting 
their individual rights in such areas as religion, and 
speech, and expression. They fled tyrannical major- 
ities. They recognized in their early experience and 
concept of government that if men are to be free 
in the area of personal responsibility, they must not 
be curbed by a government or by any majority. 
They, therefore, did not set up a strictly democratic 
government, majority rule as it is so frequently re- 
ferred to. The writer is not opposed to democracy 
when it is used to describe what we have in America. 
The autocracy of the majority has been demonstrated 
throughout the world. Therefore, any group that 
makes the individual subservient to the will of the 
majority in the discharge of his personal responsibil- 
ity is un-American and contrary to our concepts of 
freedom. 

Our forefathers used majority rule to settle cer- 
tain local questions and to send representatives to 
their legislative halls. However, they never envisioned 
that majority rule would ever become majority reign, 
as it did in Germany where the majority literally 
wiped out the minority. They were so concerned that 
in setting up their constitutional form of government 
they said that no majority, not even the government 
itself, may interfere with the unalienable, God-given 
rights of individual people. 

It is this philosophy that is so important to a 
thorough-going understanding of the responsibilities 
of management, and it is this philosophy which points 
up the counterpart of this freedom, namely the 
responsibility of the individual for his own acts and 
his own process in this free competitive enterprise 
economy of ours. This is not the easy way—how 
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much easier it is to make blanket decisions by formula 
instead of pinpointing them to individual people— 
industry-wide bargaining for instance. 

Therefore, in the development of sound manage- 
ment personnel, it seems that we must first develop 
in them a deeper understanding of the whole phi- 
losophy of freedom and free enterprise. 

With a development of this understanding, we 
then must develop an appreciation of their in- 
dividual responsibility for their decisions and their 
actions, a responsibility that cannot be passed off to 
the corporation, or the Board of Directors, or their 
trade association, or their government. It is the ir- 
responsibility of mob rule that results from doing 
business one with another, through groups or gov- 
ernmental agencies, and necessitates the development 
of all kinds of rules, not only of action but of con- 
duct. In all history, no society has ever survived after 
such responsibility has been passed from the in- 
dividual. 

Too many of our management people are willing 
to take what looks like the easy way of dealing with 
people, in bulk, and passing the responsibility for 
their judgment and their actions to a group. With 
it we lose not only the art but also the technique 
and the skill of management. Nothing in the writer’s 
judgment can replace the ingenuity and the skill that 
develops out of the competitive struggle for survival 
on the part of an individual who is individually 
responsible for his acts and conduct. Instead of tak- 
ing the easy expedient way, we must resist encroach- 
ment of our freedom, even more vigorously than we 
resist encroachment of competitive materials. 

All Americans must re-discover America and _ its 
greatness and be willing to make what seems like a 
temporary sacrifice or inconvenience—rather than an 
expedient compromise. We should develop in people, 
who are interested in this fundamental industry be- 
cause of its challenge to them, a better understanding 
of this thing we call freedom and the significance of 
individual people and their responsibility to play 
their role, not only as engineers, and in the area of 
management, but as responsible, individual citizens 
in the field of politics and government community 
affairs, those arenas which are now challenging our 
right to such individual liberty. 

It is not necessary to explore all the techniques that 
have been devised for educating and developing in 
people the best procedures and methods of accomplish- 
ing their particular tasks, but without a sound phi- 
losophy and a willingness to accept the responsibility, 
no management worthy of the name will be de- 
veloped. 

Therefore, the writer would urgently suggest that 
we concentrate on the scientists and the engineers 
who need a broader appreciation of the problems of 
management and the functions of the free, com- 
petitive enterprise and profit system—the great Amer- 
ican tradition of individual freedom. It seems to the 
writer that the society has an important role to play 
for its present constituency, for the industry and for 
America at large. 
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SCABBING OF STEEL MOLDING SANDS 


AFS-Sponsored Research Report 


By 


AFS Sand Division Committee (8-L) * 


Introduction 


This paper presents results of the last two 
years’ Committee 8-L research work which show some 
promise of predicting scabbing tendency of steel mold- 
ing sands. 

For several years, laboratory investigations of the 
high-temperature properties of steel molding sands 
were carried out at Cornell University under Com- 
mittee 8-L. sponsorship. The major findings of these 
investigations have been published in AFS TRaANsAc- 
tions. This work was confined mainly to prediction 
from laboratory tests of the ability of a particular 
sand to withstand “expansion-type” defects, referred 
to in this report as “expansion scabs.” Other types 
of high temperature defects can be important, but 
the research of AFS Committee 8-L has been and is 
now concentrated only on “expansion scabs.” 


Laboratory work performed at Cornell University 
led to the belief that the tendency toward expansion 
scabbing could be predicted by a combination of data 
obtained from a standardized type of hot deforma- 
tion test and a standardized test for hot expansion. 
Details of these tests have been previously reported 
in AFS TRANSACTIONS. 


Ability of a sand to deform and its magnitude of 
expansion, both expressed in inches per inch, as de- 
rived from these two tests run at various tempera- 
tures were plotted versus temperature. The resist- 
ance to “expansion scabbing” was then expressed in 
one of three ways: (1) the temperature where the 
curves crossed denoted “crossing point”; (2) the un- 
accounted expansion, measured as the excess of ex- 
pansion over deformation at a given temperature, 
usually 1100 F; and (3) the total area between the 
two curves up to the “crossing point.” Large values 


*This report covers the period of June, 1955 to June, 1957, 
under chairmanship of Edward E. Hucke, Assistant Professor of 
Metallurgy, University of Michigan, Ann Arbor, Mich. 
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of the following: E. E. Hucke, Chairman; E. B. Hagedorn, Vice- 
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of any of these three were presumed to indicate a 
high scabbing tendency. 

Although the above properties were measured for 
many different sands, only a limited comparison to 
behavior in a mold was possible due to limitations 
in producing test castings at Cornell University. As a 
result, in March, 1955, the Committee proposed a 
program to be carried out at the Locomotive Finished 
Materials Co. to establish by the use of a large num- 
ber of test castings whether or not the previously 
discussed laboratory tests could accurately predict 
scabbing tendency. 


Work Performed 


Committee 8-L selected for study two of the sand 
mixtures (Table I) previously investigated at Cor- 
nell University. Since the base sand used was differ- 
ent from that originally used at Cornell new labora- 
tory data were obtained. The work was divided into 
two separate, but related, phases. 


First Phase of Program 

The first phase consisted of laboratory measure- 
ments of hot deformation and expansion using the 
same carefully controlled procedures as used at Cor- 
nell. For a given sand at a given temperature, at 
least three determinations of properties were made, 
and in some cases 20 or more identical tests were run. 
All laboratory data were established for three levels 
of specimen hardness, i.e., 75, 80, 90. Results of this 
phase can be summarized as follows: 

(1) Sand No. 1 (Table 1) has a higher “crossing 
point,” unaccommodated expansion, and “included 
area” between the expansion and deformation curves 
than sand No. 2 for all levels of mold hardness. 

(2) A higher specimen hardness decreases the “in- 
cluded area” and the “uhaccommodated expansion” 
in the sands studied. 

(3) Reproducibility of the deformation tests is very 
poor. In fact, from a series of 20 identical tests at a 
temperature near the “crossing point” it was found 
that a spread of at least 0.007 in. per inch could be 
expected. Such a spread amounts to about 30 per cent 
of the deformation value and, therefore, makes de- 
termination of “crossing point” a questionable pro- 
cedure. In order to make such a determination have 
any value, a large number of samples must be run at 
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TABLE | 
Representative Properties 
Green 22.5-sec Y-min 
Specimen Compressive Expansion, Restraining load, 
Sand No. Content Hardness Permeability Srength, psi in. /in. Ib (aver.) 
1 No. 420 Portage Sand, 
Y%% Cereal, 4% Ben- 
tonite, 3% HzO 90 170 75 0.007 45 
2 No. 420 Portage Sand, 
3%, Bentonite, 5% H2O 90 110 4.5 0.003 60 





each temperature. Even though the expansion data 
are more consistent, a very small variation would 
cause a significant error in the “crossing point” and 
similarly derived data. 


Second Phase of Program 


In phase two of the program, test castings were 
made under closely standardized conditions of pour- 
ing rate and metal temperature. The test castings were 
run for the two sands studied at the same three levels 
of mold hardness, i.e., 75, 80, 90, using the same batch 
of sand from which the laboratory data were gath- 
ered. In most cases at least three test castings were 
made under identical conditions to check reproduci- 
bility. In addition to mold hardness, rate of pouring 
and test casting design were also studied as variables. 
The significant results of this phase of the work may 
be summarized as follows: 

(1) Sand No. 1 showed no “expansion scabs” under 
any of the test conditions. 

(2) Sand No. 2 scabbed consistently, except at low 
(75) mold hardness, confirming the customary foundry 
practice of soft ramming to help resist scabbing. 

(3) Sand No. 2 could be forced to scab even at 75 
mold hardness if the mold filling rate was slow 
enough. The behavior of pronounced scabbing on 
cope surfaces that are subjected to extended heating 
before the metal fills to the cope and provides sup- 
port it is often noted in production shops. 

(4) The best test casting for evaluating the “ex- 
pansion scabbing” tendency on the sands studied was 
found to be that shown in Fig. 35, page 60 of the 
1955 AFS TRANSACTIONS. 

Since the test casting results showed clearly and 
consistently that the two sands behaved in a manner 
opposite that predicted by the laboratory results, 
the Committee agreed that the previously defined 
laboratory criteria could not consistently predict “ex- 
pansion scabbing” behavior. It was decided to con- 
tinue the project toward finding a simple laboratory 
test that would predict casting behavior. 

After analyzing the conditions in a mold, it was de- 
cided to utilize a test where a specimen is placed in 
a hot furnace (1800 F) and maintained at a constant 
length (+0.001 in.) noting as a function of time 
the force exerted by the specimen. In this manner 
the sand is loading itself at a rate governed by 
its rate of expansion. High expansion and a low 
ability to deform would then necessitate a high force 
to maintain a constant length. Thus, a high force 
reading in such a test would be indicative of a sand 
prone to “expansion scabs.” This test will be referred 
to as a “restraining load test.” 


In order to obtain satisfactory results with this test 
it was found necessary to make slight modifications 
to the dilatometer. One such modification involved 
using a hand crank (supplied by the Harry W. Diet- 
ert Co.) for loading since it was found impossible to 
control the pump valve fast enough to keep the speci- 
men at constant length. The length was measured by 
means of a dial indicator which was placed in con- 
tact with the pan on the bottom specimen post. The 
test itself was rather simple and consumed little time. 

The sample was prepared to the proper hardness 
(that at which it was used in the mold), placed in 
the 1800F furnace, while the specimen post and 
dial indicator were set in as short a time as possible 
(less than 5 seconds). It was necessary to observe the 
restraining load only as a function of time while 
operating the hand loading crank in such a way that 
the dial indicator reading remains constant within 
+0.001 in. At least 10 tests were taken and averaged 
to eliminate some of the inherent errors which might 
occur in any single test. 

In addition, a test suggested by Committee 8-] was 
also run. This test consists of noting the expansion 
occurring at 22.5 seconds after a standard specimen is 
placed in a furnace heated to a temperature of 1800 
F. A small load, 1 psi, is maintained on the sample 
during the test. This test will be referred to as 
“loaded shock expansion test.” 

The restraining load at various times up to 5 min- 
utes in the “confined expansion load test” and the 
expansion after 22.5 seconds in the “loaded shock 
expansion test” were correlated with length of ex- 
pansion scabs on over 40 test castings. 


Results Obtained 

The main results were as follows: 

(1) The one-half minute restraining load from 
the “restraining load test” correlated with all test 
casting results on a scab, no scab basis. It was, how- 
ever, not possible to predict the total length of scabs 
from the magnitude of the half minute restraining 
load. 

(2) The expansion after 22.5 seconds in the 
“loaded shock expansion test” did not correlate with 
test casting behavior. For iron molding sands Com- 
mittee 8-J has found that this test gives satisfactory 
correlation. 

(3) A non-scabbing sand could be made to exhibit 
scabs by increasing the moisture content, an observa- 
tion which is often made in production shops. 

To date some 15 different sand mixtures supplied 
by five different foundries have been evaluated by 
pouring over 70 test castings under controlled condi- 
tions. The average half-minute restraining load has 
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been measured for these sands at a specimen hard- 
ness equal to that used in the test castings. The sands 
vere prepared in the foundries that are represented 
by Committee 8-L members and were shipped in air- 
tight cans to the L.F.M. Co. for evaluation. 

The scabbing behavior of all but two of these 
sands was correctly predicted from the laboratory 
tests of half-minute restraining load. The sands 
tested represent a rather wide cross section of com- 
mercially used steel molding sands. While the pro- 
posed laboratory test was not 100 per cent effective 
in prediction it was accurate enough so that it 
could profitably be employed as a starting point in de- 
signing new sand mixtures and in modifying existing 
sand mixtures. In at least one case it has been possi- 
ble to modify one of these sands so that significantly 
better scabbing properties were obtained on a pro- 
duction casting. The modification was based on the 
results of the “restraining load test”. 

In all work thus far, a restraining load at one-half 
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minute greater than about 54 Ib (on 11% in. diameter 
specimen) will result in cope “expansion scabs” on 
the test casting used. Committee 8-L feels that the 
54-lb criterion may vary for different laboratory 
equipment, but that the test will be sensitive when 
comparing different sands on the same equipment. 
It should also be noted that the restraining load fig- 
ure is an average 10 tests. Also, the break point be- 
tween “scab” and “no scab” can be stated no closer 
than about + 5 lb. 


Summary 
In summary it might be stated that: 


(1) The restraining load at one-half minute in 
the “restraining load test” has been successful in pre- 
dicting “expansion scabbing” behavior on all but two 
out of 15 sand mixtures tested thus far. This test 
apparently offers a simple, comparatively reproduci- 
ble test for developing new sand mixtures with re- 
spect to “expansion scabbing” behavior. 








PRESSURE TIGHTNESS IN 85-5-5-5 BRONZE CASTINGS 


AFS Research Progress Report 


P. K. Trojan and R. A. Flinn* 


ABSTRACT 


Pressure tightness of 85-5-5-5 bronze castings is the 
most important feature in its engineering applications. 
To investigate the basic nature of leakage under pres- 
sure for this material and to evaluate the effects of 
melting and molding variables, a sensitive and repro- 
ducible test bar and leak test procedure have been 
developed. 

Over the range 10-1000 psi of nitrogen, the leak 
rate in cc/sec through an unsound specimen is directly 
proportional to the pressure. There is not a critical 
pressure in this range at which leakage begins. In 
samples with interlocked porosity the leak rate is ap- 
proximately inversely proportional to the specimen 
thickness. With disconnected porosity, it is necessary 
to employ specimens with thickness of the same order 
of magnitude as the voids to obtain leakage. 

In a 12-in. x 2-in. x 2-in. bar with an uninsulated 
4-in. diam. riser at one end, the “pressure-tight” region 
in all cases extended from the far (unrisered) end of 
the bar toward the riser. The region adjacent to the 
riser exhibited leakage in all cases, yet the riser was 
shown to be effective in the early stages of solidification 
and in increasing the “pressure-tight” region. 

The length of the pressure-tight region is increased 
by chilling, the use of dry vs. green sand and by de- 
oxidation with phosphor copper. 


Introduction 

Leakage of a fluid under pressure through a cast- 
ing wall can result from a variety of causes. There- 
fore, although the term “pressure tightness” is used 
almost as though it signifies a basic engineering 
property, such as strength, it is really the end result 
of the control of many variables. 

Leakage is produced when a continuous passage 
exists from the inner to the outer surface. Pressure 
tightness does not mean, therefore, that no voids 
exist, but merely that there is no continuous void 
or network of voids from the inner to the outer 
wall. As discussed later, the relationship of void 
size to wall thickness is highly significant. 


*College of Engineering, University of Michigan, Ann Arbor. 
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Voids can be produced from a number of sources 
including gas bubbles, shrinkage during solidifica- 
tion, cold pouring leading to seams, entrapped for- 
eign material, hot tearing, and cracking. In cor- 
rectly processed 85-5-5-5 bronze the principal sources 
are gas and shrinkage and only these will be con- 
sidered in the remainder of the report. 

Although the literature contains many case his- 
tories dealing with rigging techniques to produce 
pressure-tight castings, the only general quantitative 
data related to the problem are those of Pellini 
and his coworkers at the Naval Research Laboratory 
for 88-10-2.1.2.3 These investigations included pre- 
paring test bars of various sizes as well as test 
castings and then pressure testing various locations. 
Correlation with both gas content and with direc- 
tional solidification produced by chills was obtained. 


Scope of Present Work 


To determine the relative importance of metal 
shrinkage and gas porosity, it was decided to develop 
first a reliable test bar and testing technique which 
would be responsive to variations in melting practice, 
thermal gradients and mold material. 

It should be pointed out that this problem is 
more difficult and quite different from the question 
of providing the usual test bar as for tensile testing. 








Fig. 1 — Pressure test apparatus showing source of nitrogen, 
pressure gage, surge tank, test cell, and bas burette. 
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Fig. 2 — Disassembled view of pressure test cell with older 
type %4-in. thick specimen and spacer in place. Specimen cut 
transverse to casting center line. “O” ring seated in cell. 


Fig. 3 — Detailed 
drawing of pres- 
sure test cell. 
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It really involves trying to reproduce a given degree 
of unsoundness as obviously a sound bar is of no 
use. A greater degree of, variation in leakage is to 
be expected than for tensile strength, for example, 
in sound bars. 


Procedure 


U-M Pressure Test Equipment 


An overall view of the equipment is shown in Fig. 1. 
Compressed nitrogen at 2200 psi from a supply tank 
at the right enters a surge tank and gage to deliver 
gas at the desired pressure level, from 0-1000 psi, 
to the test cell. When the desired pressure is reached 
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Fig. 5 — Drawing of test casting. 












Fig. 4— Visual head on pressure test cell which can be used 
for a macro or micro examination of bubble formation using a 
light oil film over the specimen. 


in the surge tank, the supply tank is shut off from 
the system by the cut-off valve. 

The test specimen is clamped between two “O” 
rings in the pressure test cell (Fig. 2 and 3) and 
the surge tank pressure applied to the underside 
of the specimen. The gas leaking through the 
specimen is collected from the pressure-tight head 
over the specimen in a gas burette (Fig. 1) at 
atmospheric pressure, and the leak rate (volume per 
unit time) is calculated. 

A choice of heads is available for placing over 
the specimen, depending upon whether a measure- 
ment of leak rate or whether visual or microscopic 
examination is required. The head for the latter use 
is shown in Fig. 4. The apparatus permits examina- 
tion of local areas of 1% in. in diameter and, in this 
way, the variation of leak rate across a section can 
be evaluated. 

Before using any cast specimens a piece of sheet 
steel was placed between the “O” rings overnight 
at 400 psi and no decrease in pressure was obtained. 
The leak rate of a “blank”, therefore, is less than the 
limit of error in reading the gas burette in ml/sec 
(+ 2 ml). The time period for leak determinations 
is from 2-250 seconds depending upon the leak 
rate of the particular casting. The time is determined 
with a stop watch graduated to 4» second. 

The data presented at this time were obtained at 
100 psi although as a check some tests were run at 
200 psi. The high pressure data would result in a 
higher leak rate since the leak rate is a linear func- 
tion of the pressure.* It should be mentioned that 
the point of no leak was accurately determined by 





Fig. 6 — Test casting after sand blasting and identifying 
marks have been applied. 
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Fig. 7 (Lett)— Cope pattern mounted on jolt-squeeze pin 
stripper machine. The pouring basin is mounted on the 
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squeeze head and provides a reference mark for cutting in 
the tapered sprue. Fig. 8 (Right) — Drag pattern mounted on 


same machine as described. 


using the visual pressure head and noting the point 
where bubbles first formed as the gas leaked through 
a fine oil film. 


Mold Design and Construction 


The test casting (Fig. 5 and 6) is 12 in. x 2 in. x 2 in. 
risered with an uninsulated 4-in. diameter, 6-in. high 
blind riser at one end. The casting was machine 
molded on a jolt-squeeze machine to maintain a uni- 
form molding procedure (Fig. 7, 8, and 9). In all 
cases a sprue tapering to 34-in. was used and 
pouring was directly into a _ well. End_ chills 
2 in. x 2 in. x 2 in. and tapered chills 2-in. thick 
tapering from 2-in. at the far end to a point at the 
riser of the casting were used as indicated in the 
data. The chills in all cases were made of graphite. 

The following sand mixture was used for both 
green-sand and dry-sand molds. the dry-sand molds 
were baked at 360 F for 8 hours. 

An average mold hardness survey for a green-sand 
mold is included in Fig. 10. 





Fig. 9 (Lett) — Open, finished mold ready to be closed. Fig. 
11 (Right) — Closed, tinished mold with a plug in the sprue 


140 mesh N.J. washed silica. .172 Ib 


MOE GMD ho a sicsho a ooo ee ee 18 lb 
Western Bentonite ......... 8 lb 
NS eet 1 lb 
a ARs l% |b 
EE ik Som 35s eckc eb ae ee 8 lb 


The average properties of the sand mixture were: 


Green compressive strength. .4.8 psi 


Green deformation ........ 0.0235 in. /in. 
Water comtemt ......550... 4.3 per cent 
iy Gr. os. ae 
Permeability 

Rees et 58 

osu wiaa cess dhol 50 


Melting and Pouring 

To insure uniformity of charge, one lot of 85-5-5-5 
ingot, all from the same ladle, was procured from 
H. Kramer and Co., through the courtesy of the 
Brass and Bronze Ingot Institute. All charges were 
100 per cent ingot. 





which will be pulled when the pouring basin is filled with 
metal to provide a constant head. 
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COPE Melts were made in either a 250-lb capacity gas- 
fired furnace donated by Federal Mogul Co., or in 
a high-frequency (3000 cycle) lift coil induction fur- 
Pe ie “a nace. The graphite melting crucibles were obtained 
lg from the Vesuvius Crucible Co., through the cour- 
- £2: ¢ #- wv tesy of the Crucible Manufacturers Association. 

O The melts in the gas furnace were melted in an 
oxidizing atmosphere as judged by the zinc test and 
flame coloration. The melting time was approximately 
DRAG ° 31% hours from a cold furnace with a tap temperature 
of 2200 F + 25 F and a pouring temperature of 2025 F 
+ 25 F. Approximately 1 per cent zinc was added to 
the furnace just before tapping to make up for 
zinc losses. The deoxidation practice when used was 
0.07 per cent P-Cu added to the ladle (10 Z P-Cu/100 
Ib metal). In all cases good melt quality was main- 
tained as evidenced by standard fracture tests.5 


The castings were tilted uphill approximately 5 de- 
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Position Cope Drag reference points: . 
: a grees (riser at the lowest end) to allow for calm 
= 78 hin metal entry and to prevent surging from one end 
3 78 75 2 and 4 72 of the mold cavity to the other. The pouring basin 
4 81 75 5 and 7 73 was first filled with metal and then a tapered graphite 
; -~ - 8 and 10 73 plug in the sprue was pulled to insure a fairly con- 
- 80 75 stant head from beginning to end of pour (Fig. 11). 
x 80 75 The pouring time was 12 seconds + | second except 
9 76 78 when no riser was used. 
10 76 79 
1] 80 79 
12 80 75 

Fig. 10 — Mold hardness survey. Fig. 12 — (Below) Cooling curves (end chill). 
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Through the courtesy of H. Kramer and Co., the 
following analyses were obtained: 


Non-deoxidized Deoxidized 

Ingot Heat Heat 
Cu 84.16 85.41 84.91 
Sn 4.68 4.28 4.64 
Pb 5.22 4.70 5.19 
Zn 4.84 4.61 4.26 
Fe 0.20 0.12 0.14 
Sb 0.21 0.19 0.18 
Ni 0.60 0.61 0.60 
S 0.08 0.07 0.078 
P 0.01 < 0.005 <0.005 


Specimen Preparation 

In previous work it was found that a freshly 
machined surface gave the most reliable results 
whereas the use of etchants was prone to seal the 
pores of the specimen. In the present investigation, 
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Fig. 13 (Above) — Inverse cooling 
curve (end chill). (Thermocouple 
closest to riser). 
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Fig. 14 — Iso-time cooling curve (end chill). 
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Fig. 15 (Right) — Thermal gradi- 
ent curve (end chill). 
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Fig. 16 (Left) — Hydrostatic leak of colored water under pres- 
sure through 0.030-in. specimen. Gas leak rate was low, less 


a slice of metal was cut out with a band saw along 
the entire length of the bar (Fig. 5). Each side of 
the sample was then surface planed to obtain a 
specimen thickness of 0.030-in. 

The 12-in. long specimen was cut up into 3-4-in. 
segments for easier machining and for ease of pres- 
sure testing. 


Thermal Gradient Studies 

Although very little work has been done along 
these lines, an example of a thermal gradient study 
in the test bar with an end chill is included here. 

Six thermocouples were used as indicated in Fig. 5. 
Five quartz tubes with a l-mm hole and l-mm wall 
were bent into a “U” shape and were cemented into 
the cope with alundum cement. They were placed 
along the center line so that the hot thermocouple 
junction would be at the symmetric center of the 
casting. Chromel-alumel thermocouples were used and 
the six couples were connected to a six-point auto- 
matic rotary switch which, in turn, was connected to 
an automatic recorder. 


than 1 ml/sec. Fig. 17 (Right)— Same as Fig. 16 except 
éas leak rate was much higher, greater than 40 ml/sec. Number 
of leaking voids is greater in this case. 


From the original data, cooling curves could be 
drawn and the desired thermal gradient curve cal- 
culated (Fig. 12, 13, 14 and 15). 


Hydrostatic Tests 

Although throughout this investigation nitrogen 
gas was used as the fluid for a quantitative criterion 
of pressure tightness, a liquid could also be used. 
This is shown in Fig. 16 and 17 where colored 
water was forced through the specimen with the aid 
of gas pressure at approximately 25 psig. As might 
be expected, a high gas leak rate would be accom- 
panied by a high liquid leak rate. 


Discussion 
The data may be conveniently discussed under two 
principal divisions: 
A. The development of the standard test bar and 
leak rate determination. 


B. Preliminary experiments to evaluate the effects of 
foundry variables upon pressure tightness. 
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Fig. 18 (Lett)— Photomicrograph showing discontinuous in 1/32-in. section. Fig. 19 (Right) —Photomicrograph show- 
voids. Specimen did net leak when 1/8 in. thick but did leak ing fine fissures emanating from some voids in a specimen that 
leaked when 1/8 in. thick. Mag. — 250X. 
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1. Chills 

2. Dry Sand vs. Green Sand 
3. Melting Practice 

4. Effect of Riser 


Standard Test for Pressure Tightness 

In most of the previous investigations, a pressure 
test was used as a type of go-no go gage and very 
little was expected of it in correlating metal structure 
with leakage. By contrast the long range aims of this 
work are to separate and evaluate the effects of gas 
and solidification shrinkage upon soundness. A pres- 
sure test was desired, therefore, which would give a 
quantitative measure of degree of unsoundness as 
the foundry practice was changed. 

In early experiments heavier slices (4g in.-'4 in.) 
were cut from the test bar and relatively poor cor- 
relation between the visual appearance of the slice 
and the pressure test was obtained. Slices which 
contained voids would often exhibit no leakage be- 
cause the voids were not continuous. On the other 
hand, samples with no obvious voids would exhibit 
leakage. Finally it was determined that in the 
latter group, the finer porosity was connected by 
fissures which gave the continuity necessary to fluid 
passage (Fig..18 and 19). 

As an example consider a normal gray iron with 
an average graphite size. Graphite should offer little 
if any resistance to gas under pressure and as a con- 
sequence, specimens should leak when their thick- 
ness approaches the length of the graphite flake. 
To test this, a series of specimens was machined 
to 4%, %, Ye, %e and %,-in. thicknesses and pres- 
sure tested in the same manner as the 85-5-5-5 speci- 
mens. None of these specimens indicated a leak until 
a thickness of 145-in. was reached and, of course, 
leak rate was much greater in the 1,-in. sample. 

As a result of these observations, it was decided to 
determine if leakage could be obtained in 85-5-5-5 
alloy in sections showing voids if the thicknesses of 
the specimens were reduced. After a series of ex- 
periments a specimen thickness of 0.030 in. was se- 
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lected. This wall dimension represents the minimum 
that would be used in a casting after machining. 
In addition it overcomes the shortcomings of the 
thicker specimens in which flaws which were visible 
without magnification did not show leakage. 

While the data of Fig. 20 and 21 will be discussed 
in detail in the next section, the general details are 
of interest here. The reproducibility of leak data and 
of the pressure-tight distance is considered good be- 
cause, as discussed earlier, it is the degree of un- 
soundness which must be duplicated. 
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Fig. 20 — Pressure test data. 


TABLE 1] — PRESSURE TIGHTNESS DATA 








Maximum Average Pressure 
Leak Distance (in.) Tight Distance 
Heat No. Bar No. Deoxidation Sand Chills Furnace Range Average (in.) 
l : 2x2x2in. 8.3 
13 9 None green = gas 84 8.4 3.6 
8 2x2x2in. 7.0 
4 P-Cu green (end) gas 61 6.6 5.4 
. None green — induction 11.0 11.0 1.0 
14 (end) 
2 2x2x2in. , 74 
3 P-Cu green (end) induction 71 7.3 4.7 
1. 
15 : P-Cu green mes i gas ; vw 11.3 0.7 
3 11.1 0 
4 P-Cu green none gas ill 11.1 9 
16 : P-Cu dry none gas =. 9.5 2.5 
3 wedge 5.8 
4 P-Cu green (bottom) gas 5.6 5.7 6.3 
1 none 10.8 
17 9 P-Cu dry (no riser) gas 10.8 10.8 12 
3 wedge 1.7 
4 P-Cu dry (bottom) gas 25 2.1 9.9 
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Fig. 21 — Pressure test data. 


Effects of Foundry Variables 


While a major portion of the research effort has 
been directed toward development of reliable and 
sensitive test techniques, several critical experiments 
were conducted to determine whether the new test 
bar would respond to the influences of foundry vari- 
ables. It should be emphasized that these are in 
some cases single tests and require statistical con- 
firmation. 

Two sets of data will be referred to—the point of 
zero leak rate, Table 1: and the leak rate graphs 
(Fig. 20 and 21). It will be remembered that the 
zero leak rate point was determined by the absence of 
bubbles whereas the actual leak rates represent vol- 
um measurements. 
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1. Effect of Chills 
The pressure-tight distance data of Table 1 may 
be rearranged to show the effect of chills. 








TABLE 2 
Pressure 
Heat Bar Tight Distance 
No. No. Chill Sand Aver. (in.) 
15 3, 4 none green 0.9 
13 3, 4 end green 5.4 
16 3, 4 wedge green 63 
17 8, 4 wedge dry 9.9 





The leak rate data confirm the effects in Table 2. 
Use of wedge chills on the bottom indicates that 
there is definitely greater soundness along the sym- 
metric center of the bar where the specimens were 
taken. However, when a specimen was cut 4-in. from 
the top along the length of the bar, leak rates and 
points of no leak were obtained which were com- 
parable to the same casting with no chills. This in- 
dicates that the normal porous portion of the cast- 
ing has merely been displaced upward as a result of 
using a tapered chill on the bottom of the bar 
(Fig. 20 and 21). 


2. Effect of Dry vs. Green Sand 
The pertinent data of Table 1 are shown in 
Table 3. 


TABLE 3 — EFFECT OF MOLD MATERIAL ON 
PRESSURE TIGHTNESS 





Pressure Tight 
Distance, Av. (in.) 








Heat Bar Green Dry 
No. No. Chill Riser Sand Sand 
15 1,2 none none 0.7 
17 2 none none 1.2 
15 3, 4 none x 0.9 
16 1, none x 2.5 
16 3, 4 wedge x 6.3 
17 3, 4 wedge x 9.9 





This effect is even more pronounced when the leak 
rate data are evaluated. In no case did the leak rate 
of the dry-sand castings exceed 5 cc/sec whereas rates 
as high as 50 cc/sec were obtained in green-sand 
castings. 

3. Effect of Melting Practice 

Again referring to Table 1, we may select the fol- 
lowing data regarding the effect of deoxidation with 
phosphor copper, and of type of furnace. 


TABLE 4 — Errect oF MELTING PRACTICE ON 
PRESSURE TIGHTNESS 


Pressure Tight 
Distance, Aver. 











Heat Bar Type of Not  Deoxidized 
No. No. Chill Furnace Deoxidized (P-Cu) 
13 1,2 end gas 3.6 
13 3, 4 end gas 5.4 
14 1 end induction 1.0 
14 2, 3 end induction 4.7 





In general the leak rate data confirm Table 4 by 
showing a greater leak rate in all cases for the bars 
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Fig. 22 (Left) — Riser on the lett was from a heat that was 
not deoxidized while the one on the right has been deoxidized. 
In each case it was a blind riser with no vent. Fig. 23 (Right) 


which were not treated with phosphor copper. An 
example of what occurs is shown in Fig. 22 which 
indicates liquid metal has exuded from the riser 
in a non-deoxidized heat probably due to gas evolu- 
tion during solidification. Further tests will be re- 
quired to evaluate the effect of type of furnace, as 
only one heat was conducted in an induction furnace. 


4. Effect of Risering 

Because of the wide band freezing range of this 
material, the efficacy of the riser was open to ques- 
tion. Accordingly, several specimens were poured 
without risers with results shown in Table 5. 


TABLE 5 — EFFECT OF RISERING UPON 
PRESSURE TIGHTNESS 








Heat Bar Pressure Tight Distance, Aver. (in.) 
No. No. Sand NoRiser With Riser 

15 ‘2 green 0.7 

15 3, 4 green 0.9 

17 = dry 1.2 

16 1,2 drv 2.5 





In connection with these data, Fig. 23 must be con- 
sidered. It is evident that in the absence of a riser, 
the liquid from the upper end of the bar (away 
from the gate) flowed to the lower end during 
solidification and the lack of the hydrostatic head 
effect of the riser resulted in a sink in the cope 
surface. 

The leak rate data show lower leakage at the gate 
end (normally risered) of the unrisered bar. This 
would be expected since an end cooling face has 
been added. This is not as effective, however, as the 
cold face at the far end of the bar because of the 
presence of a gate. 


Summary 
Leakage is not a single engineering characteristic 
of an alloy, such as tensile strength, but depends 
upon many foundry variables including melting prac- 


— This casting had no riser and it will be noted that the 
higher end acted as a riser in the case as evidenced by the 
surtace shrink. 


tice, mold design, mold materials and even the method 
of testing. 

A reproducible and sensitive test procedure has been 
developed to determine leakage and evaluate foundry 
variables. 

To isolate the effects of these variables, it is rec- 
ommended that (1) melts of deliberately varied gas 
content and (2) molds with varying thermal gradients 
be evaluated. 

To apply these results to practice, actual castings 
should be selected for study along the lines of this 
investigation. 
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INVESTIGATION OF METALLURGICAL AND MECHANICAL 
EFFECTS IN THE DEVELOPMENT OF HOT TEARING 


By 


H. F. Bishop, C. G. Ackerlind, and W. S. Pellini* 


ABSTRACT 


Various types of hot tearing or hot-cracking defects 
developed in metal processing operations, such as cast- 
ing and welding, occur at temperatures associated with 
the presence of liquid films. These defects represent a 
separation of the metal through liquid film paths, pro- 
duced by strains resulting from non-uniform heating 
or cooling. All alloys may be made to hot tear if 
sufficiently high strains are imposed during the period 
of the liquid film stage. 

Sensitivity of various alloys to the presence of low- 
melting segregates which extend film life, depends on 
the strain level imposed on the film regions and, there- 
fore, on the mechanical conditions of the system — 
casting, weldment, or forging. The contraction charac- 
teristics of metals in sub-solidus temperature ranges 
is an important factor in development of either ad- 
verse or beneficial mechanical conditions with respect 
to hot tearing. Information provided for the case of 
casting systems may be translated, in principle, to 
welding, brazing, and other types of systems. 


Introduction 

Development of intergrain cracks during solidifica- 
tion of various metals is a problem common to cast- 
ing, welding, forging, and other metal processing 
technologies. Various terms applied to this phe- 
nomenon include hot tearing, hot cracking, burning, 
hot shortness, and tenderness. Hot tearing is rec- 
ognized as the most common and serious defect en- 
countered in steel castings; it is also serious in various 
types of non-ferrous casting alloys. Weld hot cracking 
is a major problem in the welding of a wide variety 
of metals, notably Type 347 stainless steel and vari- 
ous nickel-molybdenum types. Such cracking may be 
manifested as heat-affected zone cracks, weld cracks, 
or a combination of the two types. 

Metal which undergoes forging operations may 
disintegrate due to burning, which results from heat- 
ing to excessively high temperatures, or to hot short- 
ness, which results from the presence of low-melting 
segregates. Hot shortness is a particularly serious 
problem since very small amounts of tramp elements 
may develop low-melting segregates which effectively 
prevent hot working in cases where forging is re- 
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stricted to narrow temperature ranges. This list could 
be continued to include soldering and brazing in 
which cases certain joints are said to be “tender” 
and friable immediately after becoming visually solid. 

Because hot cracking and other related forms rep- 
resent a failure on the part of the metal to behave 
in the ductile fashion expected of metals at high 
temperature, it is of primary importance that the 
basic mechanisms of the failure be understood. There 
are two aspects to the problem: (1) metallurgical, 
as related to the development of liquid films during 
the process of solidification, and (2) mechanical, as 
related to the development of strain which causes 
a separation of the metal during the film stage period. 


a 





Fig. 1 — Apparatus for measuring strength of solidifying alloys. 
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TABLE 1] — COMPOSITION OF TENSILE TEsT Bars 
Chemical Composition, % 
Type of Bar C Si Mn Fe Al Si Cu Sn Zn Mg 
Gray Iron 3.1-3.9 1.6-1.9 3-.35 Bal. 
Comm. Al 99.75 
AL-Si Bal. 6.8 30 
Al-Cu Bal. 1.1 
G. Bronze Bal 8.4 3.7 





casting. 





In passing through the solidus temperature range, 
irrespective of whether the process entails heating 
or cooling the metal develops a condition of essen- 
tially continuous liquid films. This behavior is funda- 
mental to solidification processes and, therefore, not 
subject to control. Because of its fundamental nature, 
this behavior is utilized to determine the position of 
solidus lines in phase diagrams.1! 

Samples supporting a small load are heated slowly 
to a point of sudden fracture which indicates the 
solidus temperature. If the grain boundaries contain 
a continuous network of low-melting segregates, the 
liquid films are present until the solidus tempera- 
ture of the segregate is reached. In certain cases the 
segregate solidus may be several hundred degrees be- 
low the bulk solidus temperature. This condition 
provides for long-lived films and, therefore, for the 
accumulation of strain leading to cracking in the 
liquid film region. 

Various investigations?-5 have provided a rationale 
for the interaction of metallurgical and mechanical 
effects in the hot cracking of castings and welds. 
The basic elements of the liquid film-strain theory 
of hot tearing is applicable in principle to all aspects 
of the hot cracking problem. 

The present paper is aimed at developing further 
information concerning the role of strain rate, as 
established by the contraction characteristics of the 
solidifying metal, on the development of hot crack- 
ing in castings. Of particular interest is the fact that 
certain foundry alloys hot tear readily while others 
may be considered to be totally immune to this defect. 


Procedures 


Three types of tests were conducted on a variety 
of alloys in order to establish a correlation between 


Fig. 2— Restrained test bar 





Fig. 3 — Mold and pattern for unrestrained test bar casting. 


their observed hot tearing characteristics and their 
metallurgical and mechanical characteristics which 
lead to hot tearing. To insure that only alloy vari- 
ables would be evaluated in each of the tests, the 
alloys were cast into identical test castings which were 
made of the same sand composition. 

Preliminary strength tests, similar to those pre- 
viously made on plain carbon steel,2 were made with 
the alloys listed in Table 1 to determine if these 
alloys, like steel, develop appreciable strength and 
ductility upon solidification, thereby, indicating that 
the liquid film theory is applicable generally to alloy 
systems. This was accomplished by means of tensile 
tests of the alloys as they solidified and cooled. 

Strength tests were made with the same equipment 
and procedures used in the previous studies;? in 
the present tests, however, the test bar was reduced 
in diameter from 3 to 114 inches, The test bars were 
cast into the system shown in Fig. 1. After they had 
cooled in the molds for different time intervals re- 
quired for them to reach different degrees of solidity, 
they were broken. 

The test mold was made of two strong cores which 
were fitted into a round two-part flask—one forming 
the cope, the other the drag. The drag half of the 
flask is clamped to the floor while the cope half, 
resting freely upon the drag, is attached to a crane 
through a weigh-bar. Circumferential ribs are cast 
onto the cope and drag halves of the test bar to pro- 
vide the necessary grip action on their respective sec- 
tions of the mold so that when the cope section of the 
flask is raised from the drag, the test bar will be 
broken at the parting line. The load necessary to break 
the bar is measured by means of a direct reading 
photo-electric potentiometer connected to an SR-4 
strain gage on the weigh-bar. 
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TABLE 2 — SOLIDIFICATION TIME AND COMPOSITION OF FREE CONTRACTION BARS 

















Pouring Solidus Solidification 
Type of Bar Temp., F Temp., F Time, sec Chemical Composition, % 
Iron-Base Group 
Cc Mn Si Cr Ni S P Fe 
Carbon Steel 2900 2695 195 30 51 40 _— _ 03 018 Bal. 
Cr Steel 2900 2670 195 07 .34 .29 11.7 15 012 .006 Bal. 
Cr-Ni Steel 2900 2610 195 07 25 32 17.4 8.5 010 012 Bal. 
Nodular Iron 2400 2040 570 3.40 33 2.15 _ — 032 010 Bal. 
Gray Iron 2400 2090 380 2.61 38 2.11 — 035 012 Bal. 
Aluminum-Base Group 
Cu Si Al Mg 
Comm. Al 1350 1200 265 = — 99.75 _ 
Al-Si 1250 1045 720 — 6.7 Bal. .30 
Al-Cu-Si 1250 950 860 3.3 1.7 Bal. _ 
Al-Cu 1250 1005 700 3.9 ae Bal. — 
Copper-Base Group 
Al Sn Mn Si Zn Fe Ni Cu 
Comm. Cu 2100 1940 240 — 03 — ~ 03 02 07 99.8 
Al Bronze 2050 1875 270 12.1 03 _— — .03 02 07 Bal. 
Mn Bronze 1850 1630 280 a= — 33 — 41.8 80 — Bal. 
G. Bronze 1950 1475 620 — 8.14 — _ 3.95 — — Bal. 
Si Bronze 2050 1750 380 — _— ms 2.9 03 02 07 Bal. 





The alloys listed in Table 2 were cast into test 
castings (Fig. 2 and 3) which caused the alloys to 
solidify under conditions of restrained and unre- 
strained contraction, respectively. The restrained test 
casting provided conditions conducive to hot tearing 
and was employed as a means of classifying the 
alloys into a group which hot tears readily and a 
group which does not. The unrestrained test casting 
was employed to measure the inherent contraction 
rates of the alloys so that relative strain developed 
during the film stage could be determined. These 
data were then correlated with the hot tearing be- 











60 80 100 120 140 


havior observed under conditions of restrained con- 
traction. 

The restrained test bar of Fig. 2 was 24 inches 
long, with flanges on either end and was fed with two 
risers located at the center of the casting. Sections of 
the test casting were 14 inch thick except for the 
central section which was 34 inch thick. The flanges 
restrained contraction; the greater thickness of the 
center section and the heating effect of the two 
risers adjacent to it resulted in a retarded rate of 
cooling which formed the hot-spot condition neces- 
sary for tearing. 
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Fig. 4 — Relation of solidification condition to development of strength. 
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Fig. 5 — Radiographs of central sections of restrained test bar castings. (Left to Right) Plain carbon steel, 12% Cr steel, and 
18% Cr-8% Ni steel. Photo reduced about % in printing. 


The freely contracting test bar was 24 inches long, 
tapering from 2 to 214 inches in diameter, and was 
fed by means of a heavy riser at the large end of 
the bar. The riser was of square cross section and 
projected into the drag half of the mold in order 
to provide a gripping action which caused the bar to 
contract toward the riser. The movement of the bar 
was followed by means of an Ames dial bearing 
against a quartz tube cast into the bar. The quartz 
tube was inserted to a distance of 214 inches from the 
end of the bar in all cases; thus, the contraction 
measured was in effect that of a 2114-inch long bar. 
To permit determination of relative solidification 
times and correlation of contraction rates with so- 
lidification rates the temperature of each bar, as it 
solidified and cooled, was measured at the center- 
line of the midpoint of the bar using the U-shaped 
thermocouple assembly shown in Fig. 3. 

All alloys used in this study were made compara- 
tively free of residual elements and would be con- 
sidered to be above average commercial quality in 
this respect. The ferrous alloys were made from Armco 
iron melting stock to which ferro-alloys and Mexican 
graphite was added to obtain the desired composi- 
tions. The non-ferrous alloys were made by melting 
commercially pure ingot of the base metal to which 
the additions were made either as commercially pure 
metals or as alloys with the base metal. Molds were 
made of a washed silica sand of AFS grain fineness 
number 80. For the pull test molds the sand was 
bonded with cement; for the free and restrained con- 
traction bars the bond was 3 per cent bentonite and 
1 per cent cereal. 


Strength Tests of Solidifying Alloys 

Strength data obtained for the various alloys are 
shown in Fig. 4. Also shown in this figure are cooling 
curves obtained at three locations in the bar cross 
section at the point where fracture occurs, and the 
“end of freeze’ curves obtained from the cool- 
ing curves. These curves permit correlation of strength 
to the condition of solidification of the casting. It 
may be noted that the load-bearing capacity of bars 
cast of any of these alloys is negligible until a solid 
skin is formed. Thereafter, strength is acquired rap- 
idly—generally increasing within a 20-second period 
from essentially zero to at least 2500 pounds, which 


is the maximum load the cores can withstand. High 
ductility was observed only for test castings which 
developed high breaking strengths. 

These data parallel results obtained in the studies 
with cast steel? and indicate that all metals may be 
expected to develop a sudden transition from nil 
strength and ductility to high strength and ductility 
as the liquid film stage is terminated by the de- 
velopment of complete solidity. 

Since the alloys in these tests were compounded 
from virgin metals, they were essentially free of the 
incidental elements which form low-melting segre- 
gates and extend film life; hence, the disappearance 
of the liquid films correlates with the bulk solidus 
temperature. However, in the previous studies with 
steel? it was shown that increasing sulphur from 
0.02 to only 0.06 per cent increased the time re- 
quired for the acquisition of strength in the tensile 
test bar by approximately 10 per cent. 


Restrained Contraction Tests 


Behavior of the various alloys in the restrained 
test bar casting parallels general foundry experience 
with these metals. Of the iron-base alloys, the Class 
B steel and the two stainless steels exhibited hot 
tear (Fig. 5); the gray and nodular irons did not. 
It may be noted that the 18-8 stainless steel did not 
tear as severely as did the 12 per cent chromium or 
plain carbon steels. 

Of the aluminum-base materials, the commercial 
(99.75%) aluminum and the aluminum-4 per cent 
copper alloys tore (Fig. 6), while the silicon-bearing 
aluminum alloys did not. In the copper-base series, 
the commercially pure copper and the silicon bronze 
exhibited hot tears (Fig. 6); the aluminum-bronze, 
manganese-bronze, and gun-metal bronze did not. 


Unrestrained Contraction Tests 


The amount and rate of strain imposed upon the 
films of any specific hot tearing system which always 
requires a hot zone-cold zone combination, is related 
to the inherent or free contraction rate of the alloy 
as it cools below the solidification point. The greater 
the unrestrained linear contraction rate of an alloy, 
the greater is the strain imposed upon a given hot 
spot when mold or design conditions are such that 
casting contraction is restrained. This is true because 
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Fig. 6 — Radiographs of central sections of restrained test bar castings. (Top Left) Aluminum-4% Cu, (Top Right) Commercial 
aluminum, (Lower Left) Commercial copper, and (Lower Right) Silicon bronze. 


the colder solid member of the hot tearing system 
contracts essentially as though it were unrestrained 
(during this period the hot zone cannot develop a 
reaction stress) and consequently imposes the strain 
of the entire system on the hotter member while it is 
in the film stage condition. The test procedures des- 
cribed for the unrestrained contraction bar provide 
for an accurate measurement of the contraction 
under conditions of no restraint, thus simulating con- 
ditions in the cold zone of a hot tearing system. 

Contraction and cooling data obtained for the vari- 
ous alloys are shown in Figs. 7 to 9. Contraction 
characteristics of the various alloys are also sum- 
marized in Fig. 10 for easy comparison. The solid 
curves in this figure are for alloys which developed 
hot tears in the flanged test casting; the broken lines 
are for alloys which did not tear. It may be noted 
that the contraction rate curves tend to follow 
the patterns which would be expected from their 
hot tearing behavior; those alloys which exhibit hot 
tearing in the flanged casting usually have the high- 
est contraction rates. 

Contraction data, as presented in Figs. 7 to 10, 
are not indicative of the total strain developed in a 
given system featuring the subject metal, because it 
is only that fraction of contraction which occurs 
during the film stage period which contributes to 
hot tearing. An alloy which has a long film stage 
but contracts to a small degree may hot tear; on the 
other hand, an alloy which has a short film stage and 
a high contraction rate may not develop hot tears. 
Thus, these two factors must be considered simul- 
taneously to indicate the total extension developed in 
the hot tearing zone for a specific system. 


Strain During Film Stage 

Since hot tearing can occur only during the film 
stage of solidification, it would be desirable to know 
the relative time that this condition exists in the 
various alloys. Accurate determination of such in- 
formation for the various alloys would be difficult; 
however, data presented in the previous hot tear 
study? for the case of an aluminum-4 per cent copper 
alloy indicate that the film stage may be considered to 
begin when roughly 10 per cent of liquid remains 
in the surface regions of the casting. 

Duration of the film stage, in the absence of signi- 
ficant amounts of segregate-forming elements, is ob- 
viously related to the length of the solidification 
cycle; thus, if the solidification time of alloy A is 
longer than that of alloy B_ the time required for the 
liquid films of alloy A to decrease from 10 per cent 
to zero likewise would be longer. The assumption 
that the film stage life in moderately small sections 
is directly proportional to the time of complete soli- 
dification is suggested as a reasonable approxima- 
tion for purposes of the analysis to follow. 

The solidification times of the alloys, as measured 
in the free contraction bars, are indicated in Figs. 
7 to 9 and also in Table 2. It may be noted that 
these times alone do not correlate with observed hot 
tearing behavior. For example, it might be expected, 
without consideration of strain rates, that in the 
ferrous group the plain carbon and the stainless steels 
would be less likely to tear than the gray and nodular 
irons since they solidify and acquire strength in a 
shorter time and must, therefore, have a film stage 
of shorter duration. 
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Fig. 7 — Contraction and cooling rates of iron-base alloys in unrestrained test bars. 


If an approximate proportionality is assumed be- 
tween film stage time and solidification time, a 
correlation between film stage life and the amount 
of contraction during film stage life can be shown 
by plotting the contraction curves using solidifica- 
tion time as a unit of time. This correlation is 
shown in Fig. 11. In effect, Fig. 11 shows the relative 
amounts of contraction imposed upon hot spots of 
varying intensities in a given alloy while they are 
in the film stage condition. It also shows the relative 
amounts of contraction imposed upon a given hot 
spot in a restrained casting system when the casting 
is made of different alloys. 

A clarification of the significance of these curves 


may be deduced from the schematic illustration of 
Fig. 12 which represents the development of con- 
traction (strain to the hot spot), in terms of solidifi- 
cation time (T), of alloys having high and low rates 
of contraction. The curves represent contraction of 
the cold member of the hot tearing system and, there- 
fore, the extension developed in the hot spot region. 

The shaded regions represent the duration of the 
film stage in hot spots of different intensities, i.e., 
different in relation to their life period. For example, 
if the hot member of a hot tearing system requires 
three times as long to solidify as the cold member, 
the film stage duration is approximately that in- 
dicated at 3T; the strain imposed upon the films in 
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Fig. 9 — Contraction and cooling rates of aluminum-base alloys in unrestrained test bars. 

































































































































254 Errects oF Hot TEARINC F 
0.020 T ] T T ] yl ] ] T T T Saka 2 
‘ OPPER- BASE GROUP Seg |__| | eee cre || _| y 
A 
0.020 - ti 
De 
0.040 | ~ mg st 
0.060 SRR) pO Ki Lunas te 
be as ae UL 
0.080 | <———T ce 
= sf 
0.100 ALUMINUM (CUST ) ca 
> 0.120 Wf INA auminum Bronze 
= 0.140 j j | es | 
a _ \ SILICON BRONZE ALUMINUM (CU) 
S 0.160 j | | | |__| | "MANGANESE BRONZE cow, +++ 1+ 
s ALUMINUM | 
= 0. 180 on . ; 
vy 0.020 pee > a a a 
E J Jen Pk IRON- BASE GROUP fea | SUMMARY CURVES = 
o 0 tug —_ ; ) Sap iE 7" = 
“Ss! NODULAR RO bei = 
“7 *ScRaY IRON Sos . 8 fie lle ~ mess ) 5 
. = | 
0.040 a 
0.060 RO 
0.080 
0.100 —_ S| 
COMM. CU Fi 
0.120 AL BRONZE pin 
} ist 
0.140 aa the 
0.160 | ety — CR-NI STAINLESS STEEL |__| STEEL” tox Pi gamed 
ARON ___\\cR STAINLESS STEEL | 
0 180 - Fill. dR AM a ee wlan bin, se: Sa = = lit 
ee oe eo ee OS Oe me ee ee eS ee ee ee oe oe ee ee ee oe oe ee ee a an 
TIME AFTER “POURING (MINUTES) re 
Fig. 10 — Summary contraction curves from Figs. 7, 8, and 9. Alloys represented by solid curves developed hot tears in re- tic 
strained contraction test bar. ei 
mak 77 F<] TRON-BASE GROUP] [| COPPER-BASE GROUP] [| ALUNINUM-BASE GROUP iB gk ee — om 
0000 Kc tsa set GRAY RON! ON UN- METAL — ort t ad —— i ae S 
pr-ts a, BRONZE es ee pc 
0.020 } t=*¢=-5 Wooo xp ALUMINUM- ST} 13 SF=+—+—_J 0020 sti 
ZANODULAR IRON \ ALUMINUM t -NOD IRON | 
0040 +++ a ere | 4 +4 0040 - 
> CR-NI | is, at ‘ | | ] % : 
2 0.060 | STAINLESS MANGANESE) ~ ww pep 0.060 Fe: in 
= STEEL | BRONZE —! \ bs = ar 
= 0.080 }——+ —t+—{ ne Hh ae b=. Se ALUM J 0080 = 
= COMMER, | COMMERCIAL otoeane z qu 
2 — ALUMINUM 0 2 
= =: ALUM - l = 
=, 0120+ \—}—; + SILICON sRONCE }— ALUN SMW BRONZE / 0120 = 
2 0140 ae Se es | ue = of 
° CR STAINLESS \! | | ALUM | 2 whe «Ri th po 
0160 }-— STEEL ———}_\\ 4 }—| COPPER |__| _| ——=R-NI - aes ; 0.160 sp 
| STAINLESS tor 
eel fille ae SEE Ye ae eee See Were) A Es Oa: Ez) Uo: care CR A —T STEEL ANN 1 J 0180 al 
| Bad | \| COR STAINLESS | aa 
0200 }—! PLAIN — ap Ht pa no 
¢ STEEL“ we | et ee of 
ose VEY RS ERE BT | or —-———7—}__ FPtamc ste TY 8220 fil 
o2494_L_1_1__| hese = hacesd | 0240 as 
a ae ae ee T.2). 0 S 2, oe. a oe t's oe. MO SD the 
TIME (SOLIDIFICATION INTERVALS) 
Fig. 11 — Contraction as function of solidification intervals. Alloys represented by solid curves developed hot tears in restrained tea 
contraction test bar. 











H. F. BisHorp, C. G. ACKERLIND, W. S. PELLINI 


‘ach alloy during this period is represented by the 
orojections from this time interval and indicated as 
AC in Fig. 12. This figure shows that as the solidifica- 
tion time differential between the hot and cold mem- 
bers of the hot tearing system is increased, the film 
stage interval and the contraction during this in- 
terval are proportionately increased. There is essen- 
tially no contraction during the film stage for a 1T 
condition because this represents a case where no hot 
spot exists, and practical experience shows that such 
castings do not tear. 
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Fig. 12 — Relation of tilm stage period to strain during this 

period for alloys having high and low contraction character- 

istics. 1T represents film stage interval for cold member of 

the system; 2T, 3T, and 4T represent tilm stage intervals for 
hot members of various intensities. 


The contraction curves in Fig. 11 are essentially 
linear for the time during which contraction data were 
obtained, i.e., the period up to 4T to 5T which 
represents essentially all commercial casting combina- 
tions. Therefore, consideration of specific contrac- 
tion differences (each AC in Fig. 12) is not neces- 
sary; relative strains during the film stage for any 
combination of hot spot intensities and alloy com- 
positions will be shown by comparisons of total 
strains indicated in Fig. 11. 

These data may be considered in terms of the 
flanged hot tear casting (Fig. 2), which has a 34- 
inch thick central section attached to 14-inch thick 
arms leading to the flanges. The central section re- 
quires about twice as long to solidify as the thinner 
arms and, hence, has a film stage period represented 
by 2T (Fig. 11). 

Thus, the relative strains imposed upon the films 
of the various alloys cast into this casting are pro- 
portional to the total strains developed during this 
specific time interval. For example, comparing the 
total free contraction of the aluminum-silicon and 
aluminum-copper alloys at a 2T time it will be 
noted that the relative contractions are in the ratio 
of 0.030 to 0.060, respectively, indicating that the 
films of the copper-bearing alloy are strained twice 
as much as those of the silicon-bearing alloy during 
their 2T time. 

As a result the copper-bearing alloy developed hot 
tears in the flanged test casting while the silicon- 
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bearing alloy did not. The purpose of this discussion 
is to point out that the actual time of hot tearing 
is as illustrated by Fig. 12; however, the solidification 
time interval may be used for comparisons of relative 
strains since the solidification interval and film in- 
terval are related. 

Numerical contraction distances shown in Fig. 11 
have no quantitative significance since they apply only 
to the specific test bar and cooling conditions therein. 
Their value lies in the fact that they establish 
relative contraction rates for the various alloys which 
can be extended to other casting designs. Also, the 
hot tearing behavior of an alloy in the flanged con- 
traction bar (Fig. 2) applies only to this specific 
case. 

The aluminum-copper alloy developed hot tears 
under conditions where the relative contraction was 
about 0.060 inch (2T, Fig. 11). If conditions were 
changed so that a comparable amount of contraction 
was developed during the film stage in the aluminum- 
silicon alloy, which normally has half the contraction 
rate of aluminum-copper, this alloy too should tear. 
This condition would arise if the rate of contraction 
upon the films were increased by increasing the cast- 
ing length or if the duration of the film stage were 
increased by an intensified hot spot. 


Effect of Segregations on Hot Tearing 


Small amounts of impurities may form low-melting 
eutectics with the base metal which extends the life 
of the film stage. A classic example of such a case is 
the FeS-Fe eutectic in iron alloys. When the sulphur 
content in plain carbon steel exceeds the solid solu- 
bility limit (approximately 0.02 per cent S) , the tend- 
ency toward hot tearing increases markedly. In ex- 
tending film life, such segregates permit more strain 
to be imposed (by accumulation) upon the films. 

The amount of such strain is indicated by the 
amount of free contraction which occurs between the 
bulk solidus temperature and the final solidification 
temperature of the segregate. Hence, the more the 
segregate lowers the final solidification temperature 
the greater is the additional straining developed at the 
films. Figure 13 indicates the relative amounts of 
added strain (unrestrained contraction) imposed 
upon the films when their final solidification tem- 
perature is lowered by different amounts as the result 
of hypothetical segregate conditions. 

The greater the slope of the curves in Fig. 13, 
the greater is the adverse effect which segregates create 
with respect to the hot tearing problem. It may 
be noted that the commercial aluminum, the copper- 
bearing aluminum alloys, and the plain carbon steel 
are most sensitive to the presence of segregates which 
lower the solidification temperature, while the 
nodular and gray irons are affected to only a negligible 
extent, as is observed in practice. 


Other Factors Pertaining to Hot Tear Program 

In the iron-base group of alloys there is a marked 
difference in contraction rates during the film stage 
interval between steels which are hot-tear sensitive 
and the irons which are not (Fig. 11). Contraction 
rates of the gray and nodular irons are so small that 
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Fig. 13 — Added strain developed in hot zone as result of extension of film stage period below bulk solidus temperature by 
presence of segregates. 


unlikely combinations of mold and casting design 
conditions would be required to cause these ma- 
terials to hot tear. Specifically, long lengths of cold 
regions and concentrated hot spots would be re- 
quired. This condition is sometimes attained in the 
centrifugal casting of very long pipes with bell mouth 
ends. 


The relative contraction during the film stage of 
the non-ferrous alloys does not always show a marked 
delineation between the alloys which hot tear and 
those which do not, as in the case for the ferrous 
alloys. In fact, the differences in the contraction 
characteristics of the commercial copper and manga- 
nese-bronze and between the commercial aluminum 
and the aluminum-copper-silicon alloys (Fig. 11) 
are negiligible despite their markedly different 
susceptibilities to hot tear. These cases indicate that 
the correlation between total contraction and film 
stage duration is not the only factor affecting hot tear- 
ing. 

Lees® has made an intensive investigation of the 
factors which influence hot tearing of aluminum 
alloys. He concluded that the following factors tend 


to increase susceptibility to hot tearing: 

1. Wide freezing range. A long liquidus to solidus 
range prolongs solidification time and delays acquisi- 
tion of strength. 

2. Low gas content. Casting expansion resulting 
from gas precipitation when high gas content exists, 
counteracts casting contraction thereby minimizing 
strains leading to hot tearing. 

3. Large grain size. The fewer grain boundaries 
present result in a more concentrated intergranular 
segregation to delay acquisition of strength. 

4. Low eutectic content. The farther removed is 
the composition of the alloy from the eutectic com- 
position the more continuous are liquid films during 
late stages of solidification. 

Alloys with wide freezing ranges must usually dis- 
sipate more heat during solidification than alloys 
with short freezing ranges (because of necessity of re- 
moving specific heat of previously solidified metal 
near the surfaces) and since solidification time is 
thus prolonged, the duration of the film stage is pro- 
portionately prolonged. However, as pointed out pre- 
viously, this factor alone is not a sufficient criterion 
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Fig. 14— Macrostructures of Cu-base alloy specimens re- 

moved from restrained test bar casting. (1) Copper; (2) Sili- 

con Bronze; (3) Gun Metal; (4) Aluminum Bronze; (5) Man- 
ganese Bronze. 


for hot tearing susceptibility and must be considered 
concurrently with the amount of contraction which 
occurs during this interval. 

Gun-metal bronze for example has a very long 
solidification range but does not hot tear due to its 
low contraction rate. The authors are in agreement 
with Lees’ observation with respect to gas content; 
gas precipitation undoubtedly has the same effect as 
graphite precipitation in gray and nodular iron. 
However, the factors of solidification range and gas 
content are integrated, in principle in the present 
contraction-film life concept. 

Effect of grain size mentioned by Lees may account 
for the lack of better correlation between the con- 
traction data of the copper-base alloys (Fig. 11) and 
their observed hot-tearing characteristics. Figure 14 
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shows macrostructures of the five copper-base alloys 
investigated and it may be noted that the manganese 
and aluminum bronzes, which did not tear in the 
test bar casting, have small grains, while the copper 
and silicon bronze had large grains and developed 
hot tears. 

The gun-metal bronze, despite the presence of 
large grains, did not tear because of its relatively 
low contraction rate. Grain size differences undoubt- 
edly account for the fact that the restrained copper 
test casting tore while the manganese bronze casting 
did not despite their similar contraction character- 
istics. Significant grain size variations were not ob- 
served in the aluminum-base alloys. 

Effect of grain size is compatible with the strain- 
liquid film theory of hot tearing, as illustrated schem- 
atically in Fig. 15. It is assumed in this illustration 
that total casting strains in each case are equal; how- 
ever, the strain concentrated at each of the more 
numerous small grain boundaries is less than the 
strain concentrated at each of the fewer boundaries 
of the large grains. Thus, the situation exists where 
the strain developed at the films of the coarse grain 
material may be sufficient to cause tearing, whereas 
the strain developed at the films of the fine grain 
material may be below this critical level. 

Of the dozen aluminum alloys investigated by 
Lees, a good correlation was established between hot 
tearing propensities and the proximity of the alloy 
composition to the eutectic composition, with alloys 
near the eutectic refusing to develop hot tears in the 
test casting which he used. Vero,? working with alu- 
minum alloys also concluded that composition with 
relation to the eutectic was important. He found a 
marked difference in hot tearing characteristics be- 
tween aluminum-1.6 per cent silicon and aluminum- 
1.88 per cent silicon alloys. 

The lower silicon alloy tore consistently in his 
U-shaped test casting, while the higher silicon alloy 
did not. He ascribed this behavior to differences in 
the amount of eutectic present. A eutectic influence 
on hot tearing behavior may account to some extent 
for the marked differences in the hot tearing char- 
acteristics of the commercial aluminum and the alu- 
minum-copper-silicon alloy in the present tests. 
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Fig. 15 — Effect of grain size on strain distribution at grain boundary liquid films. Total strain is the same in each case. 
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Conclusions 

The interdendritic fracture appearance of hot 
tears in castings (also weld hot cracks, hot shortness 
in forging, tenderness of soldered joints, etc.) suggests 
that the separation occurs at a stage of solidification 
(or reheating) during which interdendritic liquid 
films are present. The liquid film stage concept of 
hot tearing has been confirmed for the case of steels 
by radiographic studies of the development of hot 
tears in castings and by strength tests during the sol- 
idification of test bars. 

Studies of the basic mechanism of hot tearing of 
solidifying metal were extended to cover a variety 
of metals, with the purpose of developing a unified 
concept for the influence of metallurgical and me- 
chanical variables. The effects of metal sub-solidus 
cooling contraction variables on the development of 
hot cracking were of specific interest to this in- 
vestigation. 

The following conclusions were indicated by these 
studies: 

1. All alloys pass through a critical hot tearing 
(or cracking) temperature range during the process 
of solidification. On entering this range the metal 
properties are characterized by a condition of nil 
ductility and nil strength; immediately below the 
solidus temperature high ductility and strength are 
developed. 

2. The time-rate of extension of the metal during 
the period it is in the film stage condition is the 
primary mechanical factor which determines hot 
tearing. All metals may be made to hot tear readily 
by application of strain (load levels extremely low) 
during this interval. However, in natural mechanical 
systems entailing the solidification of a casting under 
restraint conditions, only certain metals are prone to 
hot cracking. 
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3. The specific linear contraction rate of the var- 
ious metals is demonstrated to be a critical factor in 
the development of hot tears. Metals which show higl: 
contraction rates at sub-solidus temperature are gen- 
erally characterized by severe hot tearing tendencies. 


4. The sensitivity of alloys to hot tearing is in- 
creased by the presence of low-melting segregates 
which extend film life to permit more strain to be 
imposed on the films. The effect of segregates in the 
various alloys may be presented in terms of the 
added strain resulting for any given depression in 
the freezing temperature which they create. 

5. The “as solidified” grain size is an important, 
second order variable controlling the hot cracking 
of metals subjected to borderline hot-tearing mechan- 
ical conditions. Coarse grain size results in a high 
concentration of strain per grain boundary and, there- 
fore, leads to hot tearing, while fine grain size results 
in a decrease in strain concentration with consequent 
decrease in hot tearing tendencies. 
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PERFORMANCE OF CHILLS ON HIGH STRENGTH-HIGH 
DUCTILITY SAND-MOLD CASTINGS OF VARIOUS 
SECTION THICKNESSES 


By 


M. C. Flemings,* P. J. Norton,** and H. F. Taylor*** 


ABSTRACT 

Data are presented showing effect of casting thick- 
ness on ability of chills to increase mechanical proper- 
ties of cast aluminum alloy sections varying from % 
to 1% in thick. Data were obtained on end-chilled 
plates of 195 and 356 alloys. 

Mechanical properties of the end-chilled plates de- 
crease with increasing distance from the chills. Rate 
of decrease is greater the thinner the plate (below % 
in.). It appears, by use of these data in the rigging 
design of commercial castings, tensile properties of 
cast shapes can be improved up to 100 per cent over 
present design minimums, and elongations may be im- 
proved by an even greater margin. 


Introduction 


For many years, aluminum alloy sand-mold castings 
have been used as structural parts for critical appli- 
cations such as are encountered in the aircraft and 
related fields. Demand for lighter, stronger castings 
in these fields has, however, continued to increase in 
recent years. Specifications for chemical controls and 
inspection practices have been tightened, and simu- 
lated service testing of sample castings has become 
standard practice. 

For some applications, even these controls have 
not resulted in sand-mold castings of sufficiently high 
strength and ductility levels. In these cases, perman- 
ent-mold castings have frequently been specified since 
the mechanical properties of a well designed per- 
manent-mold casting are generally higher than those 
of a comparable sand-mold casting.1 Because of cost 
or intricate design, however, permanent molding is 
not always a feasible method of production of a given 
part. Flexibility of the sand-mold casting method has 
inherent production advantages for many applica- 
tions. 

The work presented here represents the later phases 
of a program to determine a means of obtaining 
mechanical property levels in a sand-mold casting 
which are at least as high as those commonly asso- 
ciated with permanent molding. Previous work?.3.4 
has shown that production of high strength-high 
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ductility sand-mold castings is dependent on obtaining 
sound, well heat-treated metal of controlled chem- 
istry. Gas content must be kept to a minimum to avoid 
interdendritic porosity. Metal overheating must be 
avoided to prevent gas pickup and grain coarsening. 
Careful control of chemistry must be maintained both 
to obtain proper aging, and to prevent embrittlement 
from tramp elements such as iron. In addition, to 
obtain consistent yield strengths a careful heat treat- 
ment schedule is necessary. These controls have been 
previously described?-3.4 and the procedure used for 
this work will be presented later in the paper. 
Unfortunately, still another technique, in addition 
to those listed above, is required before sand-mold 
castings can possess mechanical property levels as 
high as may be obtained with the same metal in a 
permanent mold. The chill effect of the permanent 
mold is essential for a substantial increase in mechan- 
ical properties. Thus, for production of sand-mold 
castings of high mechanical properties it is necessary 
to incorporate chills in the sand mold. The range of 
potential improvement to be obtained by chilling 195 
alloy and 356 alloy castings is shown in Tables | and 2. 
It is not generally feasible to chill a casting suffi- 
ciently to obtain the maximum properties shown in 
these tables throughout the casting, but, by judicious 
location of chills and risers, it should be possible to 
obtain a level of properties throughout the entire 
casting which is substantially above that of an un- 
chilled casting. The maximum properties listed in 
Tables 1 and 2 can, of course, be obtained in critical 
areas of the casting by placing chills in these regions. 
From the foundry standpoint, it is desirable to use 
as few chills as possible in a sand-mold casting to 
obtain a given set of property levels throughout the 
casting. It is, therefore, important to determine how 
far along a casting a given chill will have an effect, 
how large this effect will be and how the effect de- 
pends on section thickness. In this work, chills were 
placed at the extremities of plate sections of various 
thicknesses (Figs. 1 and 2). Mechanical properties 
(parallel to the chill face) were determined at various 
distances from the chill to determine how far into the 
casting the chill effect penetrated. For comparison, 
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Gating ratio for all castings, Sprue : Runner : Gate — 1:3:3 





Fig. 1 — Sketch of plate patterns used for chill depth studies. 


duplicate plates of each section size were poured with- 
out chills. 


Procedure 

Effect of chills on mechanical properties of 195 and 
356 alloys was studied using plate patterns shown in 
Fig. 1. The plates were end-chilled with an aluminum 
chill coated with a silica-bentonite wash. A series of 
plates % to 114-in. were end-chilled as shown in 
Fig. 2 (a). A second series of plates, 14 to 34 in. thick 
were end-chilled as shown in Fig. 2(b). For com- 
parison, an unchilled plate was poured with each 
chilled plate. 

Previous work® has shown that a chill size the 
order of the weight of the section to be chilled is of 
sufficient chill capacity. Any additional chill weight 
has no appreciable effect on mechanical properties 
if chill contact area remains constant. In this work, 
therefore, 15-lb aluminum chills were used for all 


TABLE 1 — SOME MECHANICAL PROPERTIES OF 
Cast ALUMINUM ALLoy 356 


Cuitts EFFEcT ON ALUMINUM ALLOoys 
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for Heats B and D. 
plates, since they had sufficient chill capacity for the 
largest plates cast. 

Melting stock was composed of low impurity virgin 
material. Alloy 195 (nominal analysis—4.5% Cu, 
.18% Ti) and alloy 356 (nominal analysis — 7% Si, 
33% Mg, .18% Ti) were formulated using aluminum 
pig (99. 9%), 50% Si — 50% Al hardener, 50% Cu — 
50% Al hardener, magnesium (99.9%), and 5% Ti — 
95% Al hardener. 

In the melting practice of both alloys, the high 
purity aluminum pigs were charged first, and non- 
volatile alloying elements (all alloying elements ex- 
cept the magnesium) added shortly after melting 
began. The magnesium was added to the 356 alloy 
melt just before degassing. Degassing was accomplish- 
ed with a special grade of dry nitrogen (dewpoint — 
-73 F). Nitrogen was bubbled through the melt for 15 
minutes at 1200 F to 1300 F. Gas content was checked 
with a reduced pressure tester;? the metal was held 5 
minutes to allow dross flotation, and poured. 

It is possible to age harden 356 and 195 alloys to 
yield strengths the order of twice those of minimum 
sand-mold cast specifications. This is not commonly 
done because of a corresponding loss in ductility. In 


TABLE 2 — SOME MECHANICAL PROPERTIES OF 
Cast ALUMINUM ALLoy 195 





% 
Tensile Yield Elonga- 
Strength, Strength, tion 
Test Bars psi psi in2in. 


oF 
/O 
Tensile Yield Elonga- 
Strength, Strength, tion 
Test Bars psi psi in2in. 





0.505 Cast to Size Test Bar (Typical)a 33,000 24,000 3.5 
0.505 Cast to Size Test Bar (Minimum)b 30,000 20,000 3.0 
Test Bars cut from Casting (Minimum)c 22,500 20,000 % 
Test Bar taken from chilled area of 

sand casting, from metal of con- 

trolled chemistry, gas and heat treat- 

ment (typical) 43,000 30,000 12.0 


a) Alcoa Aluminum Handbook, Aluminum Company of Ameri- 
ca, Pittsburgh (1956) . 

b) QQA-601 (a) February 3, 1950. 

c) QQA-601 (a) These properties are the minimum acceptable 

average values of 3 bars. Thus individual bars may fall even 

lower in acceptable castings under this specification. 





0.505 Cast to Size Test Bars (Typical)a 36,000 24,000 5.0 
0.505 Cast to Size Test Bars (Minimum)b 32,000 20,000 3.0 
Test Bars Cut from Casting (Minimum)c 24,000 20,000 % 
Test Bar taken from chilled area of 

sand casting, from metal of con- 

trolled chemistry, gas and heat treat- 

ment (typical) 55,000 27,000 18.0 


a) Alcoa Aluminum Handbook, Aluminum Company of Ameri- 
ca, Pittsburgh (1956) . 

b) QQA-601 (a) February 3, 1950. 

c) QQA-601 (a) These properties are the minimum acceptable 

average values of 3 bars. Thus individual bars may fall even 

lower in acceptable castings under this specification. 
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Fig. 3— Typical pilot of tensile properties vs distance from 
chill face. (356 alloy, end chill, 11/-in. thick plate, Heat C.) 


this work, however, the sounder metal resulting from 
chilling permitted aging to a higher yield strength 
while still retaining excellent ductility. For this rea- 
son, the following heat-treating schedules were 
adopted: 
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Fig. 4—- Summary of tensile properties of chilled 195 alloy 
plates. Heat A. 
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(a) 356 Alloy 
Solution heat 1000 F, 16 hours, water quench. 
Hold at room temperature, 24 hours minimum 
Age 310 F, 12 hours. 

(b) 195 Alloy 
Solution heat 960 F, 16 hours, water quench. 
Hold at room temperature, 24 hours minimum. 
Age 310 F, 15 hours. 


For comparison purposes, both chilled and un- 
chilled plates were given the above heat treatments. 
Such heat treatment would not normally be used for 
unchilled castings (particularly 356 alloy) because of 
the low resultant elongations. All castings from a 
given heat were heat treated together. 

Both chilled and unchilled plates in the two alloys 
were tested similarly. Test bars were cut parallel to 
the chill face (Fig. 1) at varying distances from the 
chill end. In plotting mechanical properties versus 
distance from the chill face, the distance from the 
chill face to the center of the test bar cross section 
was used. 

Test bars of .0505-in. diameter and 2-in. gage length 
were used for all plates thicker than 34 in. For the 
thinner plates, 14-in. square test bars, 2-in. gage length 
were employed. Tensile strength, yield strength, and 
per cent elongation, were measured. Yield strength 
was obtained by the 0.2 per cent offset method with 
a recording extensometer. 


Results 


Mechanical property data were obtained for four 
heats (heats A, B, C, D); chemical analyses of the 
heats are listed in Table 3. Mechanical property re- 
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Fig. 5 — Summary of tensile properties of unchilled 195 alloy 
plates. Heat A. 
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Fig. 6 — Summary of tensile properties of end chilled 195 
alloy plates. Heat B. 








sults from the heats are tabulated in Tables 4-11. 
Figure 3 shows a typical plot of the data Tables 6 
and 10 (mechanical properties versus distance from 
the chill, 114-in. 356 alloy plate). Figures 4 to 11 
summarize all the data presented in Tables 4-11. 

In Fig. 3, the marked decrease in ultimate tensile 
strength and elongation with increasing distance from 
the chill is apparent. However, at locations well re- 
moved from the chill, these properties are still con- 
siderably higher than they would be in an unchilled 
plate. The yield strength of the 114-in. plate de- 
creases only slightly with increasing distance from the 
chill and is about the same as the yield strength in an 
unchilled plate. These characteristics of the end- 
chilled 114-in. plate of 356 alloy are generally ap- 
plicable to the remaining plates studied in both 
alloys. 

Figure 4 summarizes the data obtained from the 
195 alloy chilled, heavy section plates (Heat A). 
Chilling was as shown in Fig. 2 (a). The mechanical 
properties of all plates show maxima of about 57,000 
psi ultimate tensile strength, 30,000 psi yield strength, 
and 18 per cent elongation. Elongation and tensile 
strengths of all plates fall off rapidly with increasing 


TABLE 3— CHEMICAL ANALYSES OF 
EXPERIMENTAL HEATs 





Composition, % 
Heat Alloy Si Mg Cu Ti Fe Mn Zn 


195 0.30 0.02 4.5 0.18 0.13 0.03 0.03 
195 0.005 0.004 463 0.20 0.07 0.02 _ 
356 664 033 0.05 0.19 020 0.02 0.03 
356 6.86 0.30 0.05 0.10 0.10 0.01 0.03 
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Fig. 7— Summary of tensile data of unchilled 195 alloy 
plates. Heat B. 


distance from the chill. The rate of fall off, however, 
is less rapid in the 1 and 114-in. plates than in the 
thinner plates. At distances removed from the chill 


TABLE 4— MECHANICAL PROPERTIES OF CHILLED 
Piates — 195 Attoy — Heat A 








Plate % Yield Tensile 
Size, In.from Elongation Strength, Strength, 
in. Chill in 2 in. psi psi 

1% 0.4 15.5 28,800 53,700 
1.2 14.0 28,200 51,500 

2.0 13.0 27,500 49,300 

4.45 8.0 27,000 43,000 

6.05 6.0 26,700 40,800 

8.5 5.5 25,400 38,400 

10.95 4.5 26,000 37,800 

1 0.4 20.0 29,200 55,000 
1.2 14.0 28,400 50,800 

2.0 11.0 27,000 48,300 

5.25 7.0 24,400 41,800 

6.05 6.5 26,600 42,800 

9.3 6.0 27,100 40,300 

10.15 5.6 25,500 38,200 

3, 0.4 21.5 28,800 55,000 
1.2 11.5 27,500 49,000 

2.0 11.0 27,500 47,750 

3.65 6.0 27,400 41,400 

4.45 7.0 27,600 43,200 

6.9 4.0 27,000 37,500 

\% 0.4 17.0 29,600 55,400 
1.2 12.0 27,650 50,400 

2.0 11.0 29,200 48,200 

2.8 7.0 27,000 42,200 

3.65 7.0 27,200 43,200 

4.45 6.0 26,850 42,200 

5.25 4.5 25,600 38,700 
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Fig. 8 — Summary of tensile properties of end-chilled 356 
alloy plates. Heat C. 
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face, higher properties are obtained in the thicker 
sections. Yield strength, however, is only slightly af- 
fected by the chill and not at all by the varying section 
sizes. 

Figure 5 presents comparative data for the un- 
chilled plates of the same heat (195 alloy, Heat A). 
Ultimate tensile strengths and elongations of the un- 
chilled plates are markedly lower than those of the 
chilled plates. Yield strengths of the unchilled plates 
are slightly lower than those of the chilled plates. 
In the unchilled plates, decreasing the section size 
improves the ultimate tensile strength of the casting, 
but this improvement does not approach that which 
is obtained by chilling. 

Figures 6 and 7 present similar data for the 34 and 
34,-in. section castings of 195 alloy (Heat B). In these 
castings, a greater chill contact area was employed as 
shown in Fig. 2(b). In spite of this, however, a 
rapid decrease in properties with increasing distance 


TABLE 5 — MECHANICAL PROPERTIES OF CHILLED 
PLaTes — 195 Attoy — Heat B 








Plate % Yield Tensile 

Size, In.from _ Elongation Strength, Strength, 
in. Chill in 2 in. psi psi 

¥% 0.5 22.0 26,500 52,000 

1.2 16.0 27,000 51,700 

2.0 15.0 27,300 51,700 

3.65 12.0 27,300 48,000 

5.25 11.0 27,000 46,500 

% 0.3 24.0 27,000 51,800 

0.85 18.5 27,000 50,600 

1.4 14.5 27,200 50,000 

2.55 10.5 26,900 47,800 


3.65 8.0 28,200 45,500 
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Fig. 9 — Summary of tensile properties of unchilled 356 alloy 
, plates. Heat C. 


from the chill face occurs, and this decrease occurs 
more rapidly in the 34-in. plates than the 3/-in. plates. 
Yet, even the poorest ultimate tensile strength and 
elongation of the chilled plates exceed those of the 


TABLE 6 — MECHANICAL PROPERTIES OF CHILLED 
PLates — 356 ALLoy — Heat C 








Plate % Yield Tensile 
Size, In.from Elongation Strength, Strength, 
in. Chill in 2 in. psi psi 

1% 0.4 11.0 29,500 42,400 
2.0 8.0 29,600 41,100 

2.8 7.5 28,900 39,700 

4.45 5.0 28,600 37,600 

5.25 3.0 28,500 36,100 

7.7 2.5 27,900 33,800 

8.5 1.5 28,300 $3,300 

10.15 1.0 27,600 $2,200 

1 0.4 12.5 29,300 43,100 
1.2 11.0 29,200 41,400 

4.45 5.0 28,700 37,700 

5.25 4.0 28,500 37,000 

6.05 3.0 28,700 36,500 

9.3 1.5 27 600 $2,500 

10.15 1.5 27,500 32,200 

¥/, 0.4 12.0 29,800 42,900 
2.0 7.0 29,200 40,200 

2.8 6.0 29,500 39,600 

3.65 6.0 29,500 39,300 

4.45 4.5 28,600 37,900 

5.25 4.0 28,700 36,600 

Y% 1.2 7.5 29,700 41,600 
2.0 6.5 29,150 40,200 

2.8 4.5 28,100 37,690 

3.65 4.0 27,790 $7,500 

4.45 3.5 28,160 37,500 

5.25 3.5 28,000 37,000 
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Fig. 10 — Summary of tensile properties of end-chilled 356 
alloy plates. Heat D. 


unchilled plates (Fig. 7) . 

Data from two heats of 356 alloy, tested in similar 
manner to the 195 plates are presented in Figs. 8 to 11. 
Maximum properties are the order of 44,000 psi ul- 
timate tensile strength, 30,000 psi yield, and 12 per 
cent elongation (Fig. 8). Comparative data for the 
unchilled plates show the heavier plates to be the 
order of 30,000 psi ultimate tensile strength, 26,000 
psi yield strength and 114 per cent elongation. In 
356 alloy, the plots of tensile strength versus distance 
from the chill for the 34, 1 and 114-in. plates coin- 
cide. Thinner plates, however, show a more rapid 
decrease in properties with increasing distance from 
the chill. Properties throughout the chill plates are 
higher than similar locations in the unchilled plates. 


TABLE 7 — MECHANICAL PROPERTIES OF CHILLED 
PLatTes — 356 ALtoy — Heat D 








Plate % Yield Tensile 
Size, In.from Elongation Strength, Strength, 
in. Chill in 2 in. psi psi 
% 0.4 9.5 33,000 44,600 
0.5 8.0 $2,900 43,600 
2.0 75 33,200 43,700 
3.65 7.0 33,200 42,500 
5.25 5.0 32,900 41,400 
6.9 5.0 $2,500 41,000 
% 0.2 10.0 33,700 45,400 
0.3 9.0 32,800 43,300 
1.4 5.0 33,800 41,100 
2.55 5.0 34,000 42,500 
4.8 3.0 33,500 41,000 
% 0.3 9.5 31,600 43,200 
14 6.0 $2,000 41,800 
2.55 3.0 31,600 39,200 


48 3.0 31,800 39,000 
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Fig. 11— Summary of tensile properties of 356 alloy un- 
chilled plates. Heat D. 
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In both alloys, to be certain of adequate chill con- 
tact area in the thinner plates, these plates were cast 
overlapping the chill as shown in Fig. 2 (b). Thicker 
plates were butted against the chill. To determine a 
possible effect on properties of these two different 
methods of chilling the 34-in. plate was chilled both 
ways. Figure 4 shows the mechanical properties of 
the simple end chilled 195 alloy plate, and Figure 6 
shows the properties of the 34-in. plate which over- 


TABLE 8 — MECHANICAL PROPERTIES OF UNCHILLED 
PLates — 195 Attoy — Heat A 








Plate % Yield Tensile 
Size, In.from Elongation Strength, Strength, 
in. End in 2 in. psi psi 

1y% 0.4 3.5 27,300 36,000 
1.2 3.5 26,500 36,100 

2.0 3.5 25,900 34,900 

8.5 3.5 25,000 34,000 

1 0.4 3.5 27,500 38,000 
12 3.5 26,200 37,300 

2.0 3.5 26,800 37,300 

5.25 3.5 26,100 37,400 

6.05 3.5 26,500 36,900 

9.3 3.5 25,400 36,600 

10.15 45 25,300 37,400 

4, 0.4 3.5 28,300 38,900 
1.2 3.0 26,800 36,400 

2.0 3.0 27,000 36,600 

3.65 4.0 27,500 38,500 

4.45 3.5 27,300 37,800 

6.9 3.5 26,500 36,800 

VY 1.2 3.0 29,600 38,400 
2.0 3.0 28,600 39,400 

2.8 3.5 28,700 40,000 

3.65 3.5 26,800 40,200 

4.45 4.0 26,300 40,200 
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TABLE 9 — MECHANICAL PROPERTIES OF UNCHILLED 
Piates — 195 Attoy — Heat B 











Plate % Yield Tensile 
Size, In.from Elongation Strength, Strength, 
in. End in 2 in. psi psi 

%4 0.4 4.5 27,500 39,800 

12 6.0 26,400 38,900 

2.4 5.0 25,900 38,400 

i 4.0 6.5 26,000 39,600 

6.45 5.5 26,400 38,600 

8.9 5.0 24,900 38,400 

3% 0.45 4.0 28,200 38,400 

1,05 5.0 27,800 40,200 

2.3 6.0 27,600 40,600 

3.4 4.0 26,800 39,000 

5.1 6.0 27,400 41,500 

6.8 6.0 25,300 39,300 





TABLE 10 — MECHANICAL PROPERTIES OF UNCHILLED 
PLatTes — 356 ALLoy — Heat C 








Plate % Yield Tensile 
Size, In. from Elongation Strength, Strength, 
in. End in 2 in. psi psi 

1% 04 1.0 26,900 30,700 
[2 1.0 26,800 30,100 

2.0 1.0 26,400 29,700 

8.5 1.0 24,800 29,200 

1 04 1.5 27,500 32,400 
1.2 2.0 26,200 31,000 

5.25 1.0 25,500 29,500 

6.05 2.0 25,500 29,200 

9.3 1.5 25,500 28,700 

10.15 1.0 24,600 27,700 

%/, 0.4 2.0 27,400 32,800 
12 2.0 27,100 32,000 

2.0 15 26,750 30,900 

3.65 1.0 25,600 29,600 

4.45 1.0 25,300 29,700 

6.9 1.0 24,800 27,700 

% 0.4 2.0 27,300 33,800 
1.2 1.5 25,600 33,800 

2.0 0.5 27,650 32,300 

2.8 0.5 26,300 31,550 

3.65 0.5 26,400 29,800 

4.45 1.0 26,300 30,000 

5.25 0.5 25,650 29,400 





TABLE 11 — MECHANICAL PROPERTIES OF UNCHILLED 
PLates — 356 ALttoy — Heat D 





Plate % Yield Tensile 





/O 
Size, In.from Elongation Strength, Strength, 
in. End in 2 in. psi psi 
¥, 0.4 2.0 31,800 37,400 
1.2 2.0 32,200 37,300 
2.4 1.0 32,000 35,400 
4.0 1.0 31,800 34,100 
6.45 1.0 30,500 32,600 
% 0.45 3.0 33,200 40,500 
1.05 2.5 33,000 39,700 
3.4 2.0 33,200 37,400 
5.1 3.0 32,500 37,600 
6.8 3.0 32,000 38,200 
\% 0.45 2.0 32,800 38,000 
1.05 2.0 32,200 38,100 
2.3 1.0 31,300 36,200 
3.4 1.0 32,500 36,500 
5.1 1.0 30,700 35,600 
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lapped the chill. The chill appears to be more effec- 
tive in the latter case, although caution must be used 
in comparing data from different heats. A similar 
observation may be made for the two 356 alloy end 
chilled 34-in. plates (Figs. 8, 10). 


Discussion 

Data have been presented showing that the bene- 
ficial effect of chilling on the mechanical properties 
of aluminum castings is not restricted to the chill 
area alone. An improvement in properties is obtained 
as far as 10 inches away from a chill in heavy section 
castings. Thus it should be possible, by judicious lo- 
cation of chills and risers on aluminum alloy castings, 
to raise the overall casting properties well above 
present minimum specifications. 

The potential degree of improvement is marked. 
For example, chilling raised the properties of the 1- 
in. thick 195 alloy plate from typically 35,000 psi 
ultimate tensile strength, 25,000 psi yield strength, 
314 per cent elongation to a maximum of 55,000; 
29,000; 20.* Properties were 43,000; 27,000; 6 as much 
as six inches away from the chill. Present design mini- 
mums for test bars cut from 195 alloy castings are 
22,500; 20,000; 34.6 Thus, even the properties six 
inches away from the chill represent an increase over 
present design minimums of 90 per cent in ultimate 
tensile strength, 35 per cent in yield strength, and 
eight-fold in elongation. 

Similar property improvement was obtained on 356 
alloy plates. As much as 4 inches from the chill in 
the l-in. 356 alloy plate mechanical properties were 
38,000; 28,000; 5. These properties represent a 70 
per cent improvement in ultimate tensile strength, 40 
per cent improvement in yield strength, and sevenfold 
increase in ductility (over present design minimums®). 
The strength levels may be further increased through 
longer aging. 


Effect of Section Size on the Ability of Chills 
to Increase Mechanical Properties 

Mechanical properties adjacent to a chill in sand- 
mold cast plates do not depend on section size. At 
distances removed from the chill, however, the ulti- 
mate tensile strength and elongation fall off more 
rapidly in thin section plates (below about 3/-in.). 
Thus, the rather surprising result is obtained that at 
distances removed from a chill, properties generally 
increase with increasing section size. 

The section size effect on the ability of chills to 
increase mechanical properties in sand-mold castings 
is important in the rigging design of high strength- 
high ductility castings. To obtain equivalent proper- 
ties, chills must be spaced closer together in thin sec- 
tion castings than in thick section castings. For ex- 
ample, consider rigging a 195 alloy plate section, to 

ss minimum mechanical properties of 41,000; 
26,000; 6 (with reference to Fig. 4). If the plate sec- 
tion is | in. thick, a chill-riser distance of 6 in. may 
be used, but if the plate is 14 in. thick the chill-riser 
distance may not be greater than 4 in. to meet the 


*The shorthand 55,000; 29,000; 20 is used to denote 55,000 psi 
ultimate tensile strength, 29,000 psi yield strength, 20 per cent 
elongation. 
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minimum property specifications. The effect of sec- 
tion size becomes even more marked instill thinner 
sections.’ 

Rigging Design of High Strength- 

High Ductility Castings 

The data presented are intended to serve as a 
rough guide to the foundryman for use in chill 
placement on production type castings when un- 
usually high mechanical properties are desired. It 
should be possible to effectively “cut” intricate cast- 
ings into a series of plates by alternate risering and 
chilling. The maximum permissible distance between 
riser and chill to obtain a given minimum property 
level will depend on section size, and should be 
roughly predicted by the data presented here. 

A degree of caution is necessary in the application 
of the data, inasmuch as the numerical values ob- 
tained are also dependent on variables which may 
vary from heat to heat or casting to casting. Some of 
these variables are chemistry, heat treatment, metal 
gas content, chill wash thickness, and chill contact 
area. In addition to unintentional variations, an in- 
tentional change in heat treatment to obtain still 
higher yield strengths (with correspondingly lower 
elongations) may be desirable for certain applica- 
tions. The qualitative use of the data on production 
type castings, however, appears justified. 


t Summary 

Data have been presented showing the effect of 
chills on the mechanical properties of end-chilled 195 
alloy and 356 alloy plates, cast with carefully con- 
trolled foundry practice. End chills markedly im- 
prove the properties of the entire plate sections, this 
improvement (at distances removed from the chill) 
being greater in the thicker plates. By the use of the 
techniques described here it appears possible to pro- 
duce ductile aluminum alloy sand-mold castings with 
tensile property levels up to 100 per cent above 
present ‘casting minimum specifications. For example, 
present specifications permit 356 alloy casting prop- 
erty minimums to average as low as 22,500 psi ulti- 
mate tensile strength, 20,000 psi yield strength, and 
34, per cent elongation. By careful chilling of produc- 
tion castings it should be possible to achieve mini- 
mums of at least 38,000 psi ultimate tensile strength, 
28,000 psi yield strength and 5 per cent elongation. 
These properties represent a 70 per cent improve- 
ment in ultimate tensile strength, 40 per cent im- 
provement in yield strength, and sevenfold increase 
in ductility. The strength levels may be further in- 
creased through longer aging. 
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DISCUSSION 

Chairman: F. B. Hertiny, American Brake Shoe Co., Mahwah, 
N. J. 

S. Lipson! (Written Discussion): As a representative of the 
Government Agency responsible for sponsoring this program, the 
writer is gratified with the promptness the authors displayed 
now and in the past in making the results of their work avail- 
able to the foundry industry. The Ordnance Corps’ interest in 
this work is directly related to a long range program for weight 
reduction of Ordnance equipment. Improvement in strength 
and quality of aluminum alloy castings cbviously will further 
this objective. 

The marked increase in mechanical properties as reported by 
the authors is a result of establishment of directional solidifica- 
tion through the combination of chilling and risering. This 
increase, though impressive, does not really indicate the full 
functional improvement produced in the casting. This is because 
the designer of a critically stressed component is not interested 
much in average strengths of a group of similar castings, but 
is greatly concerned with the minimum strength levels that he 
is likely to find. 

Table A is an analysis of some limited data obtained by an 
airframe manufacturer. The data pertains to comparative tests 
of commercial castings furnished by a supplier employing 
techniques similar to those described. All the castings were 
mounted in special test fixtures and loaded until failure occurred. 

The percentage improvement may be regarded as a measure 
of potential weight saving. Improvement in the minimum 
strength of the casting is more realistic from a design point of 
view, and more promising with regard to weight saving. 

The importance of the improved ductility possible with chilled 
castings should not be underestimated. Thurlimann?2 points out 
that the ductility inherent in a structural member affords a 
means for redistribution of high stress concentrations. This might 
lead to early failure of the structure. 

He points out that the concept of elastic design was formed 
when the only available structural materials were quite brittle — 
as cast iron and masonry. This concept has served in the past 
and was particularly applicable to many of our cast aluminum 
alloys which normally exhibit very low ductility. 

Of the high strength casting alloys, only No. 220 alloy cast- 
ings can be considered ductile. All the other important alloys 
have small elongation values when determined from material 
cut from the component casting. 

The improvement that can be realized in chilled, directionally 
fed castings, would permit examination of this new concept of 
plastic design for casting applications involving the usual high 
strength alloys. The redistribution of stress through yielding in 
overstressed areas would promote the use of lighter weight 
structures without sacrifice of safety. 


TABLE A — IMPROVEMENT OF STRENGTH OF PREMIUM QUALITY 
CasTINGS OVER PREVIOUSLY OBTAINED CASTINGS 











% Improvement over No. Tested 

Average Minimum Premium Previous 

Casting Value Value Quality Source 
A 33.4 46.4 3 4 
B 65.2 61.6 9 3 
Cc 55.0 49.1 35 3 
D 65.9 95.6 9 6 
E 107.3 123.6 5 3 
F 133.6 136.0 5 3 
G 97.8 122.6 3 2 
H 47.8 72.3 3 2 





1. Metallurgist, Pitman-Dunn Laboratories, F. A. 
2. Thurlimann, B., “Plastic Design of Structural Steel,”” The Engineer- 
ing Journal, February 1957. 
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GATING OF GRAY IRON CASTINGS 


By 


jJ. F. Wallace* and E. B. Evans** 


Introduction 


Results of an investigation conducted under spon- 
sorship and direction of the AFS Gray Iron Division 
Research Committee are described in this report. 
Purpose of the project was to evaluate existing litera- 
ture on gating and risering of gray iron and to 
present a concise and feasible method of utilizing 
available scientific knowledge in foundry operations. 
Initially, gating methods were investigated and re- 
sults are reported herein. A subsequent report on 
risering of gray iron will be submitted after that 
phase has been completed. 

It has been generally agreed that an ideal gating 
system should perform the following functions: 


1. fill the mold rapidly, without laps or requiring 
excessively high pouring temperatures; 

2. reduce or prevent agitation and the formation of 
dross in the mold; 

3. prevent slag, scum, dross and eroded sand from 
entering the casting by way of the gating system; 

4. prevent aspiration of air or mold gases into the 
metal stream; 

5. avoid erosion of the mold and cores; 

6. aid in obtaining suitable thermal gradients to 
attain directional solidification and minimize 
distortion in the casting; 

7. obtain a maximum casting yield and minimum 
grinding costs; 

8. provide for ease of pouring, utilizing available 
ladie and crane equipment. 


It is evident from this list that the purposes of a 
gating system are many and that some of the charac- 
teristics are not always compatible. 


*Associate Professor and **Research Associate, Department of 
Metallurgical Engineering, Case Institute of Technology, Cleve- 
land. 


Progress Report on research project sponsored by the Research 
Committee of the Gray Iron Division of AFS. Members of the 
committee are J. S. Vanick, Chairman, R. A. Clark, W. W. Edens, 
C. W. Gilchrist, R. Gregg, K. L. Landgrebe, O. Meriwether, 
G. P. Phillips, G. E. Tait, and C. F. Walton. 


57-9 


This investigation has been undertaken with the 
primary purpose of describing a gating system that 
will produce the highest quality castings compatible 
with reasonable economic considerations. It is appre- 
ciated that castings for some items do not require 
this quality level and that compromises in the gating 
procedures may be advisable to increase the casting 
yield and reduce grinding costs. The gating systems 
described in this report were designed on the assump- 
tion that the molding sand was capable of with- 
standing the thermal and erosion conditions imposed 
by this gating. While the types of gating employed 
will tend to reduce erosion of the sand, it is possible 
that some castings or types of sand that are susceptible 
to failure from thermal stress or erosion may require 
different gating to prevent casting defects from these 
sources. 

Establishment of a gating system for a gray iron 
casting requires the following specific steps: 


1. selection of an optimum pouring rate or time; 
2. design of a gating system that will 
a. provide the selected pouring time, 
b. comply as closely as practicable with the 
eight characteristics enumerated in the In- 
troduction. 


Optimum Pouring Time 

Dietert!.2 has considered the selection of a pour- 
ing time in considerable detail and accumulated data 
on optimum pouring times for a large number of 
soft gray iron castings. This work has resulted in the 
development of a formula for pouring time based 
on a consideration of both the thickness and weight 
of the casting. Resulis from commercial foundries 
indicate that selection of an optimum pouring time 
depends on several factors including fluidity of the 
iron and desirability of establishing thermal gradients 
as well as casting weight and thickness. 

Thickness of the casting directly affects the ratio 
of the surface area to volume of the casting. There- 
fore, this variable influences pouring rate for two 
reasons: first, thinner sections must be poured more 
rapidly to avoid laps; and second, it is usually de- 
sirable to establish thermal gradients in thick castings 
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by pouring slowly to assist in feeding and to avoid 
establishing these gradients in thin castings by pour- 
ing rapidly. In the succeeding pages, this factor of 
casting thickness has been considered to incorporate 
influence of lap formation and desirability of estab- 
lishing thermal gradients in selecting optimum pour- 
ing rate. Presence of any cores in the casting affects 
tendency for lap formation and feeding characteris- 
tics of a casting and should ‘be considered in deter- 
mining the casting thickness. 

Fluidity of gray iron is principally determined by 
the degree of superheat and composition. For a 
given degree of superheat, the effect of composition 
on fluidity is usually expressed in terms similar to 
the Carbon Equivalent. Porter and Rosenthal? use 
the expression: 


%Carbon Equivalent for Fluidity = 
7o C+ U% Si + Y% P. 

While other investigators employ slightly different 
equations, this expression is adequate for general use. 
It is noted that the importance of both silicon and 
phosphorus is slightly different from the usual Car- 
bon Equivalent for determining the eutectic composi- 
tion. Maximum fluidity is not attained at the eutectic 
composition (4.3% C.E.) but is reached at approxi- 
mately 4.7 per cent C.E.3.4 A higher pouring tempera- 
ture also increases fluidity of a given iron by increasing 
the degree of superheat or difference between the pour- 
ing temperature and liquidus temperature of the iron. 
Influence of both composition and superheat on fluid- 
ity of gray iron has been expressed graphically. This 
relationship is shown in Fig. 1 and will be employed 
in subsequent computations. 

Interrelation between these various factors and the 
pouring time for a given casting can be expressed 
conveniently as an equation, nomograph, or a series 
of graphs. Dietert’s formula,!:? for pouring time of 
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a gray iron casting considers only section thickness 
and weight for castings up to 1000 lb in weight: 
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Fig. 2 — Pouring time for gray iron castings. 

Example: 

Data: 200-lb casting of 1-in. average thickness C. E. of 
4.3 and pouring temperature of 2600F gives a 
fluidity factor of 40. 

Procedure: Draw a straight line 1 connecting casting weight 
and thickness intersecting reference line. Draw 
another line 2 from reference line through the 
fluidity factor selected to the pouring time. In 
this case pouring time is equal to 30 sec. 
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where T = average thickness of casting in inches 
W = weight of casting in pounds. 


Presumably, this expression refers to high carbon- 
equivalent iron since it is based largely on castings 
of radiators, light plate and boilers up to 1000 Ib 
and from 1-in. to 114-in. thicknesses. Equation 1 
can be modified to compensate for decreased fluidity 
of higher strength irons with lower carbon equivalents. 
On the assumption that Equation 1 holds equally well 
for both low and high carbon-equivalent irons ex- 
cept for a proper allowance for the fluidity: 


T 
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Eq. 2 


Pouring time = K (.95 +- 





where K is a fluidity coefficient. 

It has been determined by some foundries that 
Equation 2 required alteration for casting weights in 
excess of the 1000-lb limit of Dietert’s work to reduce 
the importance of casting weight in this formula. 
The expression that has been developed empirically 
for optimum pouring times for castings over 1000 Ib 
is: 


Pouring time = K (.95 + 3 ) Vw 


Eq. 3 





The fluidity coefficient may be obtained by apply- 
ing the curves of Porter and Rosenthal? shown in 
Fig. 1 relating the fluidity in inches of flow in a 
fluidity spiral as a function of iron composition and 
pouring temperature. Since Dietert’s work was based 
on high-carbon iron poured in the normal range, 
it is assumed that the conditions reported for his work 
correspond to a 4.3 per cent carbon equivalent iron 
poured about 2600 F. Figure 1 indicates that the 
length of the fluidity spiral under these conditions 
is 40 in. If a lower carbon iron with a lower fluidity 
is assumed, then the fluidity coefficient, K, can be 





obtained by relating the length of fluidity spiral 
of this material with the higher carbon iron. By 
assuming that the pouring time is inversely propor- 
tional to the fluidity in inches of spiral length, the 
pouring time can be calculated for a given ‘casting 
poured under these conditions. 

Equations 2 and 3 can also be expressed as a 
nomograph to simplify the procedure of determining 
pouring time. A nomograph for this determination 
for casting weights up to 1024 lb, 1Z-in. to 114-in. 
casting thickness, and a fluidity spiral length of 20 
to 50 in. is contained in Fig. 2* A similar nomograph 
for casting weights of 900 to 19,000 Ib, I-in. to 6-in. 
casting thickness and a fluidity spiral length of 20 
to 50 in. is shown in Fig. 3. It is appreciated that 
some overlap exists between the weight limitations 
of Equations 2 and 3. Data available indicate that 
pouring time for castings within the 900 to 1024-Ib 
weight range should be selected from Equation 2 
for rangy castings and Equation 3 for chunky types. 
Some combinations of weights and casting thicknesses 
result in straight line 1 intersecting the reference 
line off the paper as Figs. 2 and 3 are drawn. In 
these cases, it is necessary to project the reference line 
above or below the figure as required in order to 
complete the determination of pouring time. The 
procedure is similar, however, to that shown in the 
examples. 

The relationship of pouring time to these other 
significant factors can also be shown by means of a 
graph. Figure 4 contains two sets of curves showing 
this relationship: Figure 4a pertains to a soft gray 
iron of 4.3 per cent fluidity carbon equivalent; Figure 
4b is for a high strength iron with a 3.5 per cent car- 
bon equivalent. Curves are plotted for casting weights 
to 400 Ib and between 14-in. and 114-in. section thick- 


*Note that the left-hand ordinate scale increases linearly as 
the square root of the casting weight in Fig. 2 and as the cube 
root of the casting weight in Fig. 3. 
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ness for each type of iron. A set of curves for any 
iron of intermediate composition may be obtained by: 


1. determining the fluidity coefficient for the com- 
position and pouring temperature; 

2. solving Equation 2 or 3 as applicable for the 
pouring time; 

3. plotting pouring time vs. casting weight. 


The important consideration in pouring a given 
casting is the rate at which the actual casting is 
filled. Therefore, it should not be necessary to con- 
sider the weight of the gating system in establishing 
this rate, since the system is usually about filled be- 
fore the casting starts to be filled. Gating systems 
are frequently so small that they have little influence 
on the total pouring time and need only be considered 
when they are of appreciable size compared to the 
casting. The weight of the lower section of side risers 
should be added to the casting weight in determining 
the pouring rate since this type of riser partially 
fills with the casting. Top risers and top section 
of side risers, however, fill after the casting has been 
filled and should influence only the total pouring 
time, not the pouring rate. 


Designing a Gating System 


After the optimum pouring time is established, it 
is necessary to design a gating system that provides 
the basic requirements listed in the Introduction. 
Eastwood and co-workers5.6.7 developed a gating 
method to reduce turbulence and agitation in mol- 
ten metal. This gating method was obtained by the 
application of hydraulic principles to the gating of 
metals from a study of the behavior of water and 
molten aluminum in various gating channels. While 
the reduction of turbulence and agitation is more 
essential in the readily oxidized light metals, the 
general principles apply to gray iron. Many of the 
factors developed by Eastwood were corroborated by 
the work of Richens and Wetmore,® and are discussed 
by Ruddle.? The following gating components and 
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procedure are recommended to reduce turbulence, 
drossing, aspiration of air and prevent non-metallics 
from entering the mold: 


Pouring Basin 

Pour from a low height into a conveniently located 
pouring basin of adequate size to maintain control 
of the flow and deep enough to prevent vortex forma- 
tion in the sprue. 


Sprue 

Use large-end-up, tapered sprue connected with 
the pouring basin by a large fillet of about one 
inch. The cross sectional area of the bottom of the 
sprue can be regulated to obtain the desired pouring 
rate. The taper must be sufficient to obtain a com- 
pletely filled sprue. A similar effect can be obtained 
by a choke in the runner near the base of the 
sprue, but the choke at the sprue base is preferable. 
The area of the top of the sprue should be twice the 
sprue choke area for short length sprues and three 
times the sprue choke area for tall sprues. 


Sprue Base 

The sprue enters a large well or base from which 
the horizontal runner (s) emerge. A recommended 
type of sprue base is cylindrical in shape, approxi- 
mately twice the runner width in diameter and 
extending slightly above and below the runner. The 
sprue should join the base with a small radius (1% in.). 


Runners 

The runners leading from this base are approxi- 
mately four times larger in cross-sectional area than 
the bottom of the sprue. Smooth-walled runners con- 
taining no abrupt changes in direction and an entire 
gating system firmly rammed from good quality mold- 
ing sand are preferred. The area of the runner is 
reduced by the area of each ingate passed. 


Ingates 
The number of ingates preferred depends upon 
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the casting being poured. Multiple ingates are de- 
sirable for rangy castings to obtain equal and rapid 
metal distribution but it is also desirable to gate 
into risers to establish thermal gradients. When sev- 
eral risers are employed, multiple ingates into the ac- 
cessible risers are preferred; when only one riser is 
used, a single gate into that riser is usually recom- 
mended. Ingates of equal size are preferred, with 
total ingate area equal to the runner cross section, 
and should be located in the drag with runners 
in the cope for cast iron. 

The area of the choke at the base of the sprue 
is the principal factor that determines the pouring 
rate in this gating system. In selecting this choke 
area, allowance must be made for the effective head 
of metal acting on the sprue system and the losses 
incurred at various changes in direction and area 
in the system. Some loss in head also occurs in flow 
along a straight runner, but’ this can usually be dis- 
regarded for short flow distances. The calculations re- 
quired to determine the flow time for various gating 
methods are outlined in a recent report.12 The cast- 
ing or pouring time can be expressed by the fol- 
lowing formula: 


WwW 


dCAyV2gH 
Eq. 4 





Casting time in second, t = 


= density of molten metal, .22 Ib/cu in. 
= efficiency factor (nozzle coefficient) 
area of choke in sq in. 

= acceleration of gravity, 386.4 in./sec? 
= effective height of metal in inches. 
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Fig. 5 — Effective head of molten metal in different gating 
systems (After Dietert). (A) Top gating; Effective head, 
H = h. (B) Bottom gating; Effective head, H = h-C/2. 
(C) Parting line gating; Effective head, H — 2hC - P?/2C. 
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Casting time has been established from either Equa- 
tion 2 or 3; weight of casting and metal density is 
known for any specific case. It is necessary then to 
determine H, the effective head of molten metal, 
and C, the efficiency coefficient for the gating sys- 
tem, in order to compute A, the choke area. 

Effective head of molten metal varies with type 
of gate employed. For top gated castings shown in 
Fig. 5a, with a choke at the base of the sprue, this 
effective head is h, the distance from the bottom 
of the sprue to the level of metal in the pouring 
basin. For bottom-gated castings, Fig. 5b, the effective 
head of metal is: 


. 
2 


where C is the height of the casting. 


H = h —- 


The effective head for castings gated at the parting 
line is shown in Fig. 5c: 
2 hC — P2 

2C 


where P is the height of the cope section of the 
casting. 


H = 


These equations for effective heads assume equal cross 
section of all parts of the casting. 

Value of the efficiency coefficient, C, can be ob- 
tained from the data and by the method described 
in the literature.8-12 The loss in head that occurs 
at various changes in direction or area of runner 
depend upon the extent and sharpness of the change 
and the velocity of the molten metal at that point. 
Values for the coefficients at various changes and for 
fractional losses in long runners are shown in Table 1. 


TABLE | — VALUES OF K FoR VARIOUS 
GATE COMPONENTS 








Streamlined 
Sharp (Rounded) 
Sprue entry from pouring box 
(round or square sprue) 0.75 0.2 
Bend of sprue into runner 2.0 1.0 
Right angle bend in runner: 
square cross section 2.0 15 
round cross section 1.5 1.0 
Junction at right angles 
to runner 4.0-6.0 - 


Junction with 25% or more area 

reduction from runner into 

ingates 2.0 0.5 
Runner choke when choke area 

approx. one-third runner area, 





plus bend of sprue into runner 13 - 
Losses from Wall Friction 
Round channel loss = .02 Ha 
Square channel loss = .06 ‘. 
A+B 





Rectangular channel loss = .07 L X AB 


where L = length 
D = diameter of round or side of square 
A = one side of rectangle 
B = other side of rectangle 
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Cumulative effect of these various losses on the effi- 
ciency coefficient for the entire gating system, dis- 
regarding the frictional losses in the runner, can be 
computed by means of the following equation: 


1 
—— 


tee A2 Az A2 
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Eq. 5 








where k,, ks, kg, etc., are loss coefficients occurring at 
changes in direction or area, 
A, Ag, Ag, etc., are areas downstream from 
changes. 
A is the area of the choke in the system. 


By application of these priniciples of gating, plus 
Equation 2 or 3 as applicable, and Equations 4 and 
5, it is possible to design a gating system that will 
fill the casting in the desired time and minimize 
aspiration, drossing and turbulence. Some examples 
of the calculation of gating systems for simple geo- 
metrical shapes are shown in the Appendix. Com- 
putations have been included for castings from both 
soft and high strength gray iron in order to demon- 
strate the procedure with and without risers. 

When the casting is poured simultaneously from 
more than one sprue, a similar method of calculation 
is employed for the optimum pouring time, effective 
head, and efficiency factor. The same principles of 
good gating are utilized in designing each gating 
system and the total choke area is computed by 
means of Equation 4. It is necessary, however, to re- 
duce the total choke area to that computed from 
Equation 4 by employing a choke area. for each 
sprue of: 14 the total choke area for molds poured 
two-up, of 14 the total choke area for molds poured 
three-up, etc. 

While the employment of a tapered sprue offers 
many advantages, some mechanized foundries pre- 
fer to employ a straight-sided sprue to facilitate 
molding. Many of the features of a tapered sprue 
can be obtained by using a straight sprue and in- 
troducing a choke or dam into the runner near 
the sprue base. Since the runner is generally either 
principally or entirely in the cope in a gray iron 
molding, the runner is choked by extending a bridge 
of molding sand from the cope into the runner cross 
section. This bridge should be wide enough to pro- 
vide the required strength and filleted at both sides. 

The area of the choke is computed in a manner 
similar to that described for the bottom area of the 
tapered sprue and should be approximately one-third 
of the runner area The choke does, however, pro- 
duce considerable turbulence and resistance to flow 
so that it is necessary to add a large k factor to the 
denominator of Equation 5 to compensate for this 
increased frictional loss. The limited data available 
indicate that a factor of approximately 13 is intro- 
duced by the use of a runner choke including the 
loss from vertical sprue to horizontal runner. This 
higher frictional loss in a runner choke indicates the 
greater metal turbulence experienced with this sys- 
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tem. The method for calculating a gating system 
for a runner choke and a suggested runner choke 
design are demonstrated in Example 4 of the Ap- 
pendix. 


While the calculation of a tapered sprue or run- 
ner choke area by means of Equation 5 provides 
the most accurate quantitative area based on data 
currently available, it is appreciated that this precision 
may not be required in all instances. A table of the 
approximate efficiency coefficients or C values for 
various types of gating systems has been included in 
order to provide information for approximate cal- 
culations. These data are shown in Table 2 and 
can be used together with the nomographs and Equa- 
tion 4 to provide a rapid determination of the de- 
sired choke area. It is assumed that a radius is used 
between the pouring basin and sprue entrance and 
that streamlined bends are used in the runners and 
between the runners and ingates. 


TABLE 2 — EFFICIENCY COEFFICIENTS OR C VALUES 
FoR VARIOUS TYPES OF GATING SYSTEMS 








Tapered Straight Sprue 
Type of System Choked Sprue Runner Choke 
1) Single runner entering riser 90 .73 
2) Two runners with multiple 
ingates, no bends in runners .90 73 
3) Two runners with multiple 
ingates, 90° bends in runners 85 .70 





When gating systems are employed that do not 
utilize chokes at the bottom of the sprue or in the 
runner, then efficiency coefficients are generally much 
smaller. Values of C of .4 to .5 are usually obtained 
for these systems because of the higher frictional and 
turbulent losses encountered with the higher metal 
velocities. 
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Example 1— Gating System for 8-in. x 12-in, Flat 
Plate from Soft Gray Iron — No Riser Required 


Composition and Pouring Temperature Assumed. 


%C %Si %Mn %P %S Pouring Temp. 
3.5 2.2 60 .20 10 2550 F 


A) For three different selected plate thicknesses: 


Plate Optimum 
Thickness, Volume, Weight, Fluidity, Pouring 
in. in.8 Ib in. Time, sec 
\% 48 12.2 35 4.7 
1 96 24.5 35 9.2 
ly 144 36.7 35 14.3 


Density of solid soft gray iron is taken as .225 
Ib per cu in. 

Fluidity is obtained from data given above and 
Fig. 1. 

Optimum pouring time is obtained from Equation 
2 or the nomograph in Fig. 2. Calculation for the 
14-in. thick plate from Equation 2 is: 

T 
853 

35 T 

= — (. ——) V 12.2 
= ap eee 
875 x 1.54 x 3.46 
4.7 seconds 


Pouring time (seconds) t= K (.95 + )VY Ww 


t 
t 


B) A gating system based on the principles discussed 
is then designed for the casting. Since soft gray 
iron does not require a riser and multiple ingates 
are particularly advantageous for rangy type castings, 
the gating system shown in Fig. Al was selected. 
This system employs the pouring basin, tapered round 
sprue, sprue base, large streamlined runners and mul- 
tiple ingates. Relative dimensions of the cross sec- 
tional areas of various sections of the gating system 
are shown in Fig. Al in terms of A, the sprue choke 
area. For this short sprue height, the area of the top 
of the sprue can be 24. 


POURING BASIN 





Fig. Al — Gating system for plate casting poured from soft 
ray iron with multiple ingates. 


APPENDIX 






C) In order to obtain the desired pouring rate, it 
is necessary to utilize Equation 4 for a computation 
of the sprue choke area, A. 


W 


Cc _—_—_* 
d-A-C \/ 2gH 


or 
A = ec) FRG 36 
detC \/ 2gH 


In this expression for Fig. Al, 


d = density of molten iron is .22 lb per cu in. 
H = effective head of metal is 6 in. 
C = efficiency factor must be calculated from 


Equation 5 as follows: 


c= . 








/ ,. ees A2 
1+k, —-+k,— —-l..... 
Vi-+ 14,2 + 24,2 th yet 


The loss coefficients k,, ky, kg, etc. are also shown 
on Fig. Al at the various changes in area or direction 
in the gating system. 


l 


A2 A2 A2 A2 


C= 
/ 
Vi+2503 +2 Gast!’ Gas +4 aap 











oe ] 
VI1+2xuYU+4x Ye 














1 
Cc =. See 7 88 
Vy 1.3 
Then for the 14-in. plate 
ane 12.2 
.22 x 4.7 x .88 \/ 2 x 386.4 x 6 
A = .197 sq in. 


By similar method the area of the sprue for the 
l-in. plate is .202 sq in. and the sprue choke for the 
114-in. plate is .195 sq in. The diameter of the sprue 
choke or bottom section of the sprue, top of the 
sprue, runners and ingates can then be computed 
to obtain the values shown below: 


Plate Sprue Sprue Sprue Well Runner Ingate 
thick- Bottom Top Dia., in. Height, in. Height, in. 
ness, Dia. Dia., x x x 
in. in. in. Height, in. Width,in. Width, in. 
\% 501 .708 1.3x 1.625 625 x 625 22x 89 
1 507 716 1.3x 1.635 635 x 635 22x .90 
1% 497 698 1.3x 1.625 625 x 625 .22 x .88 


Runners are in the cope, ingates in the drag with 
a 10-degree taper on each for ease of drawing and 
rounded corners to prevent sand erosion. Height of 
the runner is reduced to one-half the initial value 
after the first ingate is passed but the width re- 
mains unchanged. All ingates have the same dimen- 
sions. 
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Example 2— Gating System for 8-in. x 12-in. Flat 
Plate from High Strength Iron — Riser Required 


Composition and Pouring Temperature Assumed. 


%C %Si %Mn %P %S_ Pouring Temp. 
3.0 15 80 .20 10 2650 F 
A) For three different plate thicknesses: 

Plate Optimum 
Thick- Riser Adjusted Pouring 
ness, Diameter, Volume, Weight, Fluidity, Time, 
in. in. in.8 Ib in. sec 
\% 1y% 50.5 12.9 29 4.0 
1 2% 109.0 28.0 29 8.1 
ly 81, 186.0 47.4 29 13.5 


The adjusted volume includes the riser neck and 
that part of the side riser that is filled along with 
the casting. The casting-riser arrangement is shown 
in Fig. A2. Density of high strength iron is .255 Ib 
per cubic inch. Fluidity is obtained from the above 
data and Fig. 1. Pouring times are computed from 
Equation 2 by the method utilized in Example 1. 











POURING 
BASIN 








SPRUE BASE 





Fig. A2 — Gating system for plate casting poured from high 
strength iron requiring riser. 


B) The gating system is designed utilizing the 
same principles previously discussed, but because of 
requirement for risers with the higher strength iron, 
the gate enters the riser and only one runner and 
ingate are employed. The design of the riser-gate 
system for this casting is shown in Fig. A2. and the 
relative cross sectional areas of the sprue, sprue base, 
and runner are shown in terms of A, the sprue choke 
area. The top of the sprue requires a cross sectional 
area of 2A for this short sprue height. 


C) The values of C and A are computed by the 
same procedure used for Example 1. The value deter- 
mined for C from Equation 5 is .93. The resulting 
dimensions of the gating system are listed below: 


Sprue Well Runner 
Plate Sprue Sprue  Sprue _ Dia., Height, 
Thick- Choke Choke Top in. x in. x 
ness, Area, Dia., Dia., Height, Width, 
in. sq in. in. in. in. in. 
\Y% .232 545 768 2x2 965 x .965 
1 .245 556 -790 2x2 99 x 99 
1% .255 568 805 2x2 1.01 x 1.01 


Runner is in the cope with a 10-degree taper for 
ease of drawing and rounded corners. 
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Example 3— Gating System for 4-in.x 10-in. Bar 
from High Strength Iron — Riser Required 
Composition and Pouring Temperature Assumed. 


%C %Si %Mn %P %S Pouring Temp. 
3.0 1.5 .80 .20 10 2600 F 
A) For the casting-riser system shown in Fig. A3: 
Optimum 

Thick- Riser Adjusted Pouring 
ness, Diameter, Volume, Weight, Fluidity, Time, 

in. in. in.3 lb in. sec 

4 5 231 58.9 26 28 





Fig. A3 — Gating system for bar casting poured from high 
strength iron requiring riser. 


As in Example 2, the adjusted volume includes that 
part of the side riser and the riser neck which is 
filled along with the casting. The density of the solid 
iron at room temperature is .255 Ib per cubic inch. 
The fluidity is obtained from the above data and 
Fig. 1. Pouring time is calculated from Equation 2 
by a method similar to that used in Example 1. 

B) The gating system is similar to that in Example 
2, i.e., gating into the riser with a single runner and 
ingate. The relative cross-sectional areas of the com- 
ponents of the gating system are indicated in Fig. A3. 

C) Values of the efficiency coefficient, C, is com- 
puted to be .93 by the procedure previously demon- 
strated, utilizing Equation 5. To calculate the choke 
area, the effective sprue height utilized in Equation 
4 must be known. This is readily obtained from 
Fig. 5c as follows: 


2hC - P2 2x8x4-(2)2 
caw. = _ 


2C 2x4 
Then, from Equation 4, the choke area is equal to 
.135 sq in. The dimensions of the gating system are 
listed below. 








= 7% in. 


Sprue Well Runner 
Sprue Sprue Sprue Diameter Height, 
Choke Choke Top in. x in. x 
Area, Diameter, Diameter, Height, Width, 
in. in. in. in. in. 
-135 A15 587 1.47x 1.735 .735 x .735 


The runner is in the drag to minimize turbulence 
as metal enters riser. The riser neck is partly in the 
cope and partly in the drag. The runner should have 
a 10-degree taper for ease of drawing and rounded 
corners. 
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Example 4 — Gating System for 1-in.x 8-in. x 12-in. 
Plate from Soft Gray Iron, Using a Runner Choke. 
No Riser Required. 


Composition and Pouring Temperature Assumed. 


%, C % Si % Mn % P %S Pouring Temp. 
3.5 o 60 .20 10 2550 F 


A) For the 1-in. thick casting shown in Fig. A4. 











Optimum 
Pouring 
Volume, Weight, Fluidity, Time, 
in.8 Ib in. sec 
96 24.5 35 92 
| 
673 
= 2 - : — - 
| ' 
{ 22 206 2 206 / e22 
PARTING LINE _{_{____-__| i 
—- 123 


DETAIL OF RUNNER CHOKE 





APPROX |, 2 SCALE 
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Fig. A4 — Gating system for plate casting poured from soft 
ray iron with straight sprue and runner choke. 


Dimensions of casting, fluidity, and pouring time 
are the same as that for the l-in. plate in Example 1 
and this example provides a comparison of a sprue 
choke and runner choke (straight sprue) for the 
same casting. 

B) Relative dimensions of the components rec- 
ommended for this gating system are shown in Fig. A4 
in terms of A, the total runner choke area. It is to 
be noted that the cross-sectional area of the sprue 
must be greater than the total choke area in order 
for the runner choke to be effective. 

C) Values of C, the efficiency coefficient, and A, 
the choke area, are computed in the same manner as 
Example 1, with the exception that available data 
indicate that the combined loss coefficient, kj, for the 
sprue to runner and runner choke is approximately 
13. The efficiency coefficient C can now be cal- 
culated from Equation 5: 


l 





c= 





/ A2 A2 A2 A2 
Vit hes + ke 3A,2 *A,2 
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C= 








/ A2 13A2. 1.5A2 5A? 
ri 
Vi + 27g@et (4A)2 ' (4A)2 (4A)? 


70 





Cc 


I 


The resulting dimensions of the gating system are 
listed below. 


Sprue Well Total Runner 


Dia., Runner Choke Runner Ingate 
Sprue in. x Choke _ Height, Height, Height, 
Dia., Height, Area, in. x in. x in. x 
in. in. sqin. Width,in. Width,in. Width, in. 
673) =1.236x2 254 .206x.618 822x618 .252x 1.008 
DISCUSSION 


Chairman: C. F. Watton, Gray Iron Founders’ Society, Inc., 
Cleveland, Ohio. 

H. Orry MERIWETHER! (Written Discussion): We have been 
using a gating system similar to the one described in this paper. 

Before any gating dimensions can be arrived at a pouring time 
or pouring rate for a casting must be determined. It has long 
been recognized that there is an optimum pouring time for any 
casting under a given set of conditions. However, since different 
foundries are able to produce castings by using different pour- 
ing times, there must be an optimum pouring time range rather 
than just an optimum pouring time. 

The method given in this paper for determining the optimum 
pouring time seems to be basically sound, but it seems that the 
variation in foundry practices from one to another would affect 
these equations considerably. 

The tapéred sprue as described seems to do an excellent job. 
The cross sectional area at the top of the sprue can be cal- 
culated by the formula: 


Area at top of sprue — 





Metal head over choke 





Area at bottom of sprue X Metal head over sprue 

A 25 per cent safety factor should be added to this to compen- 
sate for actual pouring conditions under which it is hard to 
always keep the sprue full. 

The sprue base is a very integral part of a good gating sys- 
tem. It should be carefully considered in the design of any 
gating system. The purpose of this base is to change the direc- 
tion and velocity of the molten metal and to reduce or dissipate 
the kinetic energy of the iron before it enters the runners. 

It is obvious that the molten metal will be moving at its 
highest velocity when it enters the sprue base. Unless the base 
is designed so that it will slow down the velocity of the metal, 
the metal will flow through the runners at such a high velocity 
that it will not be able to free itself of any impurities. 

This high velocity is also bad from the standpoint of washing 
or cutting of the gates. The critical point in the design of a 
sprue base is in designing it so that you produce the desired 
effects with a minimum of turbulance. 

The sprue base design as described in this paper seems to do 
an excellent job of minimizing the turbulance, while making 
the desired changes in the flow of the metal. This sprue base 
is patterned after the work of Dr. L. W. Eastwood. We have 
been using a similar base in our foundry for several years. We 
have found that by simply adding a sprue base of this design 
on some castings, we have been able to eliminate inclusions. 

The metal passing through the runner has to be slowed down 
to give it a chance to rid itself of slag, sand, and other im- 
purities. This is done by enlarging the runner area to four 
times the choke area. 

My objection is that when using a ratio of this type you will 
get a different velocity or flow rate through the runner. 

Also, in order to maintain the same velocity throughout the 
system, and insure equal distribution of the iron through ingates, 
the runner should be reduced in size proportional to the 
number of ingates as it passes each ingate. 


1. Foundry Methods Supervisor, Lynchburg Foundry Co., Lynchburg, 
Pa. 








TEMPERATURE DROP IN POURING LADLES 


PART Il 


By 


V. Paschkis* and J. W. Hlinka** ‘ 


Introduction 


In a previous report} on the temperature drop in 
pouring ladles, temperatures were studied assuming 
that the metal in the ladle is completely quiet; no 
agitation and no mixing takes place and, therefore, 
in many instances a thin layer of metal freezes on the 
surface of the ladle. During the freezing heat of 
solidification is given off, decreasing the rate of tem- 
perature drop in all of the metal. 

In many instances however, the metal in the ladle 
is in more or less strong agitation. Under these con- 
ditions one can assume as a limiting case the condi- 
tion that the metal is completely mixed so that the 
melt drops uniformly in temperature. The present 
paper deals with this case. 

It is believed that the true temperature drop in 
ladles in foundry practice lies somewhere between 
the limits presented by the 1956 report (no mixing) 
and the present report (complete mixing) . 

With regard to preheating of the ladle, which plays 
such an important role in the temperature drop and 
subsequent holding time, reference is made to the 
previous report because preheating conditions, size 
of ladle, ladle lining, conditions of the lid, etc., are 
the same in both reports. 

Also, the present studies were carried out for steel 
and gray iron and the properties used presently are 
the same as those in the 1956 report. However, since 
complete mixing is assumed, the conductivity of the 
metal in the ladle does not enter the picture. 


*Technical Director, Heat and Mass Flow Analyzer Labora- 
tory, Associate Professor Mechanical Engineering, and **Senior 
Research Engineer, Heat and Mass Flow Analyzer Laboratory, 
Columbia University, New York. 


This report is based on an AFS-sponsored Research Project by 
the Heat Transfer Committee. Members of the AFS Heat Trans- 
fer Committee are as follows: Charles Locke, Chairman, W. K. 
Bock, C. W. Briggs, J. B. Caine, W. J. Childs, V. Paschkis, 
W. S. Pellini, R. C. Shnay, C. E. Sims, R. E. Spear, and L. L. 
Zinsmeister. 


tV. Paschkis, “Temperature Drop in Pouring Ladles,” AFS 
TRANSACTIONS, vol. 64, pp. 565-576 (1956) . 
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Results 


The large number of variables influencing the 
temperature drop in the ladle makes presentation 
difficult. As far as possible method of presentation of 
the results follows that used in the 1956 report. But 
in connection with holding time ratios, used for dis- 
cussion of results (see below), a number of graphs 
otherwise needed could be eliminated. 

Figures 1 to 4 show holding times, again expressed 
in seconds, plotted against the pouring temperature. 
The graphs contain several pairs of curves, each pair 
holding for a different tapping temperature. Within 
each pair, the broken line holds for a preheat tem- 
perature of 2870 F while the solid line is for a preheat 
temperature of 2070 F. 

A second set of curves, Figs. 5 to 10, emphasize for 
large and small ladle with cast iron, and large ladle 
with steel, the significance of the preheat temperature. 
These figures show the holding time plotted against 
the preheat temperature. In each of these figures two 
pairs of curves are shown, one for a higher pouring 
temperature (2870F in case of steel and 2670F in 
case of cast iron) the other for a lower pouring tem- 
perature (2820 F in case of steel and 2620 F in case of 
cast iron). Figures 5 and 6 show results for the small 
ladle with cast iron;.two curves are presented for each 
pouring temperature; one curve for the case where 
the ladle is covered with a lid, the other for the case 
without lid. Figures 7 and 8 represent results for steel 
in a 16,000-pound ladle, whereas Figures 9 and 10 are 
for the same size ladle carrying cast iron. 


Discussion of Results 


In the previous study made on the basis of “no 
mixing” of the metal in the ladle, a layer of metal 
would freeze at the surface; the heat of fusion liber- 
ated during freezing delayed the cooling of the melt, 
resulting in a relatively long holding time for a spec- 
ified difference between tapping temperature and 
pouring temperature, or in other words, for a given 
temperature drop in the ladle. 


Thus as expected, holding times for complete mix- 
ing are shorter because the heat of fusion is not 
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Fig. 1 — Holding Time vs. Pouring Temp.; 1-in. lining, 150-Ib 
ladle, steel, no lid. 
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Fig. 3 — Holding Time vs. Pouring Temp.; 1-in. lining, 150-Ib 
ladle, steel, with lid. 












































500 
o 
g / 
©2400 
rf / 
2 arp f 
/) 
oe Z 
raf 4 4 
" 2670°F— wn YY 
7 < 
4 Ne “7 
ray 200 y . A , = 
a a \v- a ail 
= a yo a 
“ee LS | 
aa 
100 Pr a — 
- 
eae ns 
eae EE 
° 
7o 1070 2070 2670 


PREHEAT TEMPERATURE (°F) 


Fig. 5 — Holding Time vs. Preheat Temp.; 1-in. lining, 150-Ib 
ladle, cast iron. 


being liberated and because ‘“‘complete mixing” elim- 
inates all thermal resistance within the melt. As ex- 
plained in the 1956 report the length of holding 
time depends on a number of factors: presence or 
absence of a cover (lid), lining thickness, preheat, 
etc. The influence of these factors in the case of the 
completely mixed ladle is similar to that reported 
previously for the unmixed ladle. 

However the “weight” or importance of the sev- 
eral factors is different in the case of the well mixed 
vs. the unmixed ladle: 












































vi *— PREHEAT 2070 °F 
» ——*e—-— PREHEAT 2670 °F 
pe am. © 
ST 
: \ 
y 200 Sh a 
vv = 
. SX AXY?LK ay 
: a Pia tT 
5 100 > ~ 
i 2. eS aS <a 
e RE RSS 
~ i a 
° 
2770 2870 2970 3070 wT7O 3270 


POURING TEMPERATURE (°F) 


Fig. 2— Holding Time vs. Pouring Temp.; 3-in. lining, 150-Ib 
ladle, steel, no lid. 
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Fig. 4 — Holding Time vs. Pouring Temp.; 3-in. lining, 150-Ib 
ladle, steel, with lid. 
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Fig. 6 — Holding Time vs. Preheat Temp.; 3-in. lining, 150-Ib 
ladle, cast iron. 
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Fig. 8 — Holding Time vs. Preheat Temp.; steel, with lid, 3070 
F tapping temp., 16,000-Ib ladle. 


PREHEAT TEMPERATURE (°F) 
Fig. 7 — Holding Time vs. Preheat Temp.; steel, no lid, 3070 F 
tapping temp., 16,000-Ib ladle. 
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Fig. 11 — Ratio unmixed holding time to completely mixed 

holding time vs. preheat temperature. Tapping temp., 3070 F; 
150-Ib ladle. 
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Fig. 12 — Ratio unmixed holding time to completely mixed 


holding time vs. preheat temperature. Tapping temp., 3070 F; 
150-Ib ladle. 
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Fig. 13 — Ratio unmixed holding time to completely mixed 

holding time vs. preheat temperature. Tapping temp., 3870 F; 

150-Ib ladle. 
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Fig. 14— Ratio unmixed holding time to completely mixed 
holding time vs. preheat temperature. Tapping temp., 2870 F; 
150-Ib ladle. 
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Fig. 15— Ratio unmixed holding time to completely mixed 
holding time vs. preheat temperature. Tapping temp., 3070 F; 
16,000-Ib ladle. 
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Fig. 16 — Ratio unmixed holding time to completely mixed 
holding time vs. preheat temperature. Tapping temp., 3070 F; 
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Fig. 17 — Ratio unmixed holding time to completely mixed 
holding time vs. preheat temperature. Tapping temp., 2870 F; 
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Fig. 18 — Ratio unmixed holding time to completely mixed 
holding time vs. preheat temperature. Tapping temp., 3870 F; 
16,000-Ib ladle. 
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a) effectiveness of the preheat temperature is gen- 
erally greater in the case of the mixed ladle; 

b) pouring temperature has generally greater in- 
fluence in case of the non-mixed ladle and low 
preheats; at high preheats the pouring tempera- 
ture has almost no effect; 

c) effectiveness of a lid is generally greater in the 
case of non-mixed ladle; 

d) for the large ladle the differences between mixed 
and unmixed metal for otherwise identical con- 
ditions are smaller than for the small ladle; 


e) influence of mixing on trends due to tapping 
temperature and of lining thickness are irregular, 
but not of significance. 


Estimates of Actual Holding Time 


The foundryman is interested in obtaining the 
proper temperature at which the metal is poured into 
the mold. Knowing the time the metal need be in the 
ladle, and the tapping temperature of the melting 
furnace, he desired to know the optimum combina- 
tion of ladle conditions (e.g., lining thickness, pre- 
heat, use of lid) which will yield the necessary pour- 
ing temperature. His selection of conditions depends 
also on the degree of agitation of the metal in the 
ladle; but it is neither practical to give a quantitative 
definition of this agitation, nor can one tie in the 
holding time with the agitation. The 1956 report and 
the present one, however, are designed to yield upper 
and lower limits of holding time. Depending on the 
estimated degree of agitation (admittedly a vague con- 
cept) the foundryman will estimate the holding time 
for his condition nearer to one or the other of the 
limits. 

Thus, there remains an uncertainty regarding hold- 
ing time; the degree of uncertainty can be expressed 
by the ratio of the maximum to the minimum ex- 
pected holding time. These ratios are presented in 
Fig. 11 to Fig. 18, where the ordinate marking “ratio” 
refers to the expression 


Holding Time unmixed 





Holding Time mixed. 


Preheat temperatures are plotted as abscissas. Cap- 
tions and inserts define the case for which the data 
are presented. If the holding time is estimated to be 
in the middle between the two extremes, then the 
uncertainty is, of course, half the spread between 
maximum and minimum. 

Say that for a given set of conditions the holding 
time for the “mixed ladle” is 30 minutes, that for the 
“unmixed ladle” is 60 minutes (a ratio of 2.0) ; then, 
assuming a holding time of 45 minutes, the uncer- 
tainty is +15 minutes. 

The ratio can also be related to this concept of un- 
certainty. If the ratio maximum to minimum holding 
time is 2.0, the average holding time can be assumed 
to be related to the minimum holding time by the 

2+1 
ratio _____ = 1.5 and to the maximum holding 


2 
time by the ratio 1.5/2.0. 


TEMPERATURE Drop IN LADLES 


In the case of the small ladle, steel, an extreme 
change of tapping temperature (from 3270F to 
3070 F) brings a reduction of the “ratio” not exceed- 
ing 20 per cent; for the large ladle, the effect is less. 
Thus it seems sufficient to show figures (11-18) for 
only one tapping temperature, namely 3070F for 
steel and 2870 F for cast iron. 

The ratios are largest at no (or small) preheat 
and are higher for the small than for the large ladle. 

Table 1 can serve as an indication of the general 
trend. 


TABLE 1 — MAximuM RATIOS 








Pouring Preheat between Small Large 
Temperatures °F Ladle Ladle 
Low 70 - 2870 3.30 2.54 
2070 - 2870 2.42 1.75 
High 70 - 2870 2.92 2.22 
2070 - 2870 1.86 1.57 





The values for the small ladle are taken for the 
large lining thickness, those for the large ladle for 
the small lining thickness. This is done because it 
gives the extreme values of ratios. The “ratios” can 
also be used to find the holding times for “mixed” 
condition for cases not shown in the present report, 
but treated in the 1956 report. For example, the 1956 
report Figs. 8-11 contain information regarding hold- 
ing time vs. preheat temperature at a tapping tem- 
perature of 3070 F. By dividing the holding time from 
those figures by the approximate ratio (Figs. 11-18 of 
the present report) one can find the holding time for 
the “mixed” condition. 


Further Work 


Further work for the exploration of ladle behavior 
is recommended along the following lines: 


a) ladle with preheated lining but cold lid, 

b) attempts to find a way of predicting behavior of 
ladles of intermediate sizes. A treatment of such 
ladles is probably easier in case of the “mixed 
ladle” than in the case of the “unmixed ladle”. 
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DISCUSSION 


Chairman: W. K. Bock, National & Steel Castings Company, 
Cleveland, Ohio. 

R. C. SHNAy! (Written Discussion): There can be no question 
that the work presented in this paper as well as Part I (presented 
last year) is a valuable contribution to foundry technology. This 
theoretical approach is opening the way to a better understand- 
ing of the factors affecting possible holding times. 

There are, of course, limitations to the basic approach used 
in this work and, therefore, possible pitfalls in applying the in- 
formation presented in this paper. At this stage it would be 
advantageous to examine the basic methods used by the authors. 
By this I mean the methods of thought, since they differ in some 
respects to what one might use in everyday life. 

The authors have postulated two models which are simpli- 
fied or idealized versions of the real situation. Such simplifica- 
tions or idealizations are necessary if the problem is to be 
handled at all. In this case, the models are (a) perfect mixing 
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in the ladle, (b) and non-mixing. Model (a) postulates a uni- 
form temperature distribution and model (b) postulates tem- 
perature gradients. Both models also postulate instantaneous 
filling of the ladle and no formation of slag or dross. There 
are other idealizations but they are of lesser importance. These 
models were chosen since they could be represented on the 


analogue computer and answers obtained in terms of holding 


time under various combinations of parameters such as ladle 
size, tapping temperature, etc. 

The two models, of course, give different answers; the amount 
of variation depending on the parameters of tapping tempera- 
ture, preheat temperature, etc. The authors refer to the varia- 
tion between the answers given by each model as a measure of 
uncertainty. This is true, but the authors engender some con- 
fusion with their use of the term “degree of uncertainty” as 
compared to the usual statistical meaning of the term. 

The uncertainty mentioned by the authors is only the un- 
certainty as to which model is the closer approximation to true 
life. The unfortunate use of this term implies the following 
statements: 

(1) There are no other reasonable models which could give 
answers below the minimum limit or above the maximum 
limit. 

(2) The factors ruled out by the idealizations such as filling 
time, dross or slag formation, turbulence due to filling, 
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and others, cannot produce a longer holding time than 
that of “non-mixing” model, or a shorter time than that 
of “complete mixing model.” 

(3) The range between the limits includes all likely variation 

due to measuring and other errors. 

The scientific method followed by the authors should, at this 
stage, proceed to establish the validity of the models. If non- 
mixing leads to longer holding times due to solidification along 
the ladle walls, the formation of a ladle skull should encourage 
the foundryman to increase his holding time. This would be a 
very difficult ideal to sell in any foundry. 

The perfect mixing model assumes a certain degree of agita- 
tion in the ladle. If this is agitation set up during pouring, 
the filling time, the shape of the ladle, the shape of the furnace 
taphole or spout and the relative positions of the ladle and 
spout must all be important factors. Furthermore, the degree of 
agitation must be a function of time. There is also the possibility 
that the agitation may be due to convection currents. If this 
is true, then it must be the case in all ladles; and then the non- 
mixing model would be far removed from reality. 

These remarks are intended to clarify some of the statements 
made by the authors, and is not intended as a criticism of their 
methods or results. 


1. Development Engineer, Canada Iron Foundries, Ltd., Toronto, On- 
tario, Canada. 








EFFECT OF SMALL TIN AND CADMIUM ADDITIONS 
TO ALUMINUM-COPPER ALLOYS 


By 


H. V. Sulinski,* R. C. Harris,* and S. Lipson* 


ABSTRACT 

The effect of small quantities of tin and cadmium on 
the aging characteristics and tensile properties of cast 
and heat-treated aluminum-copper alloys centering 
around the commercial 195 alloy composition (AL-4.5 
per cent copper) has been investigated. Additions of 
tin or cadmium of the order of 0.03 to 0.05 and 0.05 
to 0.10 per cent, respectively, significantly increased 
the yield strength of the 195 alloy at a considerable 
loss in ductility. By lowering the copper content to 
about 3 per cent and limiting the impurity content, the 
ductility of the alloy was increased to a satisfactory 
level while still maintaining high tensile and yield 
strengths (46,000 psi tensile strength, 40,000 psi yield 
strength, 3 per cent elongation). Titanium additions 
for grain refinement result in some improvement in 
elongation. Silicon additions up to about 1 per cent 
increase the properties of these alloys at some sacrifice 
in ductility. The results suggest that the tin additions 
are slightly more effective than the cadmium. 


Introduction 


The use of aluminum alloy castings for structural 
applications where weight is a critical factor is often 
limited by the low design properties of the material 
when compared with steel counterparts. While the 
density of aluminum is only one-third that of steel, 
the low yield strengths characteristic of even the 
best alloys often result in failure of the material to 
be competitive on a weight basis. 

The superior mechanical properties of wrought 
aluminum alloys have firmly established the position 
of these materials for use in lightweight structural 
members. The economic advantage associated with 
the use of castings, however, has been a great in- 
centive for effort to improve the strength of cast 
materials. 

In this connection, work done by Nock,! Hardy, 
and Sully, Hardy, and Heal? has shown that small 
additions of tin or cadmium to the aluminum-4.5 
per cent copper alloy result in a remarkable increase 
in the tensile properties of the alloy. Yield strength 
up to 50,000 psi was obtained with tin additions of 
0.05 per cent, although at considerable sacrifice in 





*Metallurgist, Pitman-Dunn Laboratories, Frankford Arsenal, 
Philadelphia, Pa. 
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ductility. The significance of this development may 
be appreciated by comparison of this value with the 
typical 24,000 psi yield strength for the tin free 
alloy (195-T6) and with the aluminum-10 per cent 
magnesium alloy (220-T4), which develops a yield 
strength of 25,000 psi. 

The combination of mechanical properties re- 
ported by Hardy, however, suggests that the alumi- 
num-copper alloy at the 4.5 per cent copper level is 
over-alloyed, and that a fruitful avenue for study 
would be to establish composition limits which per- 
mits a satisfactory compromise between high strength 
and reasonable ductility. This study was therefore 
directed toward evaluation of the effect of copper 
content on the properties of aluminum-copper alloys 
in the presence of tin or cadmium. Other param- 
eters, such as grain size, heat treatment, and im- 
purity level, also affect the properties of the alloy 
and were included in the study. The evaluation is 
based upon the properties obtained with cast-to-size 
test bar specimens cast into green sand molds. 


Literature Review 


Previous work, as mentioned above, has shown 
that small quantities of tin or cadmium exert a pro- 
nounced effect on the mechanical properties of a 
commercial aluminum-4.5 per cent copper alloy. Ad- 
ditional work by Hardy* has shown that a similar 
effect occurs with a high purity aluminum-4 per 
cent copper alloy. The effect of small quantities of 
of indium, lead, antimony, thallium, and bismuth, 
which are adjacent in the Periodic Table, were also 
investigated. 

Additions of indium were found to react similarly 
to the tin additions. Lead, antimony, and thallium 
(which are insoluble in aluminum) were found to 
have no effect on the aging of the alloy. Bismuth, 
however, did reduce the strength properties and 
this was explained by Hardy to be a result of a 
mechanical effect of the insoluble bismuth particles. 

The amount of tin, indium, or cadmium used by 
Hardy in his studies centered around the solid sol- 
ubility limits of these elements in aluminum in the 
region of 530 C (986 F). A relatively large amount 
of work has been done on the determination of the 
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solubility of tin in aluminum; however, the values 
reported by some of the earlier investigators vary con- 
siderably.5-11 

The solubility of tin in aluminum has been re- 
ported by Sully, Hardy, and Heal® and Fink1? to be 
about 0.05 per cent at 500 to 530 C (932 to 986 F) 
and negligibly small at 165 to 229 C (329 to 444 F). 
Hardy*14 reports the solubilities of indium and 
cadmium in aluminum to be of the order of 0.05 
and 0.1 per cent, respectively, at 530 C (986 F) and 
considerably less at 165 C (329 F). Work by Sam- 
uels13 indicates that these figures for the solubilities 
of tin, indium, and cadmium may be somewhat low. 

The aging characteristics of high purity aluminum 
copper alloys, containing 2 to 4 per cent copper and 
small additions of tin, indium, and cadmium, were 
studied extensively.15 These results have shown that 
the additions greatly increase the maximum hard- 
ness attainable and that the aging temperature for 
maximum hardness is 165 C (329 F). 

In addition to the high purity alloys, work was 
also done on the effect of controlled impurity ad- 
ditions, such as ‘iron, silicon, magnesium, nickel, man- 
ganese, and zinc.?-4 (In all instances titanium was 
added as a grain refiner.) The results indicate that the 
beneficial effects of cadmium are not inhibited by 
the presence of silicon, iron, nickel, manganese, or 
zinc. Magnesium was found to be deleterious only 
in the presence of tin or indium.1-4 

Little is known about the exact mechanism by 
means of which these additions affect the aging 
process of aluminum-copper-alloys. Hardy15 suggests 
that the beneficial effect of these elements may be 
the result of the increase in the rate of formation 
of the Guinier-Preston zones [2]. The tin, indium, or 
cadmium atoms were believed to provide additional 
nuclei for the heterogeneous nucleation of the G.P. 
zones [2]. 

Additional nuclei were also thought to be obtained 
from short-range grouping of the copper atoms 
around the ternary element during solution treat- 
ment. In subsequent work, however, Silock, Heal, 
and Hardy!® showed that the formation of @ (and 
not G.P. zones [2]) is favored in the presence of 
tin, indium, or cadmium. The exact mechanism by 
means of which the @’ state is favored has not been 
established. 


Methods and Materials 


Material Used 


The alloys investigated in this work fall into two 
general groups: 1) commercial purity aluminum-4.5 
per cent copper alloys, and 2) aluminum-copper al- 
loys made in the laboratory with an impurity con- 
tent below that present in the commercial alloy. 

The alloys in Group 1 were prepared from 195 
alloy ingots obtained from commercial sources. The 
materials used in preparing the alloys in Group 2 
were commercial purity aluminum (99.75 per cent) 
and a high purity aluminum-50 .per cent copper 
hardener. Throughout the investigation “master 
heats” of alloys of both groups were prepared by 
melting 110 to 115 lb of ingot material in a tilting 











Fig. 1 — Casting showing gating and risering arrangement of 
tensile specimen. 


gas-fired furnace and pouring the material off into 
small ingots weighing about 2.5 lb each. These small 
ingots were then used to prepare induction heats. 

The tin additions were made in the form of either 
a high purity aluminum-7.5 per cent tin hardener or 
high purity elemental tin. The cadmium was added 
only in high purity elemental form. The pure addi- 
tions of tin and cadmium were wrapped in aluminum 
foil and pushed below the surface with a graphite 
rod, and stirred into the melt. 

In grain-refined alloys titanium was added in the 
form of a commercial purity aluminum-2 per cent 
titanium alloy. These additions were made to the 
melt just prior to pouring. Controlled amounts of 
silicon were added in the form .of a commercial 
purity aluminum-50 per cent silicon alloy. 


Melting Procedure 


In the actual experimental work, heats weighing 
from 15 to 30 pounts were melted in a 3000-cycle 
lift-coil induction furnace, using a clay-graphite cru- 
cible. Degassing treatments, where employed, were 
accomplished by a 10-min flushing of either dry 
nitrogen or chlorine gas through the melt while 
being held at approximately 1300 F. 

A graphite degassing tube (14-in. ID), drilled radi- 
ally with 1%.-in. diameter holes in the submerged 
end, was used to obtain a fine and unform distri- 
bution of the gas through the melt. The gas content 
of each melt was checked prior to pouring by means 
of a reduced pressure solidification test. The re- 
duced pressure test specimens were taken at a tem- 
perature of 1300F and solidified at a pressure of 
about 95 mm of mercury. The heats were all poured 
between 1250 and 1275 F. 

Temperature measurements were made, using a 
portable potentiometer and a chromel-alumel thermo- 
couple. The latter was encased in a stainless steel 
tube. 


Molding Practice 


Synthetic green sand tensile bar molds were pre- 
pared with silica sand (AFS No. 80), 1.5 per cent 
southern bentonite, 1.5 per cent western bentonite, 
0.25 per cent cereal, and 3 to 3.5 per cent water. 
The gating and risering arrangement of the tensile 
bar used in this investigation conforms with Fed. 
Spec. QQ-M-I5la, Fig. lla, and is shown in Fig. 1. 





ALUMINUM-COoPPER ALLOY 


TABLE | — CHEMICAL COMPOSITION OF ALUMINUM-COPPER ALLOYS 





Weight, % 
No. Al Cu Si Fe Mg Mn Zn Ni y Ti Others 
4.0 -5.0 1.2 max 1.0 max 0.03 max 0.3 max 0.3 max ~ 0.2 max 0.05b 








Spec.a 
I 4.0 -4.55 0.77-0.91 0.48-061 <0.01 0.01-0.02 <0.10 <0.01 0.08-0.10 0.03 Pb 


R 
R 
II R 4.0 -4.35 0.9 -1.08 0.41-0.48 <0.01 0.03-0.21 0.01-0.04 0.01 ! 0.11 <0.01 Pb 
R c <0.10 0.05-0.16 <001 <0.01 0.02 0.02 d 0.01 Pb 
IV R 3.11-3.28 0.05-0.08 0.05-0.09 <001 <0.01 <0.02 0.01 <0.01 <0.01 Pb 
Vv R 3.07-3.50 0.07-0.08 0.08-0.13 <001 <0.01 0.01 0.01 e <0.01 Pb 
VI 3.11-3.50 f 0.05-0.18 <001 <0.01 <0.02 0.02 d <0.03 Pb 
R = Remainder 
<= Less Than 
a) Federal Specification QQ-A-60la 
b) Each. Total of all elements not specified shall not exceed 0.15% 
c) Additions of this element were made to this alloy as shown in Figures 10 and 11. 
d) The grained refined alloys contain about 0.05% Ti, while the unrefined alloy contained <0.01%. 
e) Additions of this element were made to this alloy as shown in Figure 14. 
f) Additions of this element were made to this alloy as shown in Figure 15. 


ie ee OSS 





Cylindrical bars, 1 in. in diameter and approxi- 
mately 634-in. long, were also cast in the green sand 
molds for age-hardening studies, using the same gating 
system. 











Analytical Procedure 


— ae The compositions of all alloys were determined 
-_ ‘ ; ti by spectrographic analyses with the exception of sev- 
eral cadmium contents, which were determined by 
x | wet methods. Analyses of tin, cadmium, and titanium, 
- eid where the additions were about 0.10 per cent or less, 
@ ——— 0.007% ca were found to deviate less than 10 per cent of the 
B——— 0014% ca nominal figure. Copper and silicon analyses were 
found to have a deviation of 5 and 2 per cent, re- 


spectively, of the nominal figure. 
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All heat treating was carried out in a circulating 
air furnace and solution and aging temperatures 
were controlled to + 5 F. 
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Fig. 2 — Hardness-aging time curves of 195 alloy containing Results 


i ts of ti cadmi aged at 310F. 
ee ' Sn and Cd Effect on Aging Characteristics 
of 195 Alloy 


An exploratory investigation of the effect of tin 
and cadmium on the tensile properties of 195 alloy 
showed that conventional aging cycles could not be 
used if any benefits from the tin and cadmium 
were to be realized. Tensile bars, solution treated 
at 960 F and aged at 310 F for 4 hr, showed similar 
properties whether tin and cadmium were present 
or not. (In some cases, the properties of tin- and 
cadmium-bearing alloys were lower.) It, therefore, 
seemed necessary to establish optimum aging times 

: acai and temperatures for these alloys. For this reason, 
fo) 0.05 % Sa age hardening studies were made, using hardness as 
Om — — 005% C4 a measure of response to aging. 
as Baky ore To make this study, alloys were prepared contain- 
— - ing up to 0.05 per cent tin, and up to 0.10 per cent 
cadmium. (The composition of the 195 alloy used is 
shown in Table | and designated as Alloy I.) But- 
tons, 1 in. in diameter and about 14-in. thick, were 
on : =. Ss ae iS ae 2s] | machined from cylindrical bars cast from these alloys. 
AGING TIME, HOURS After a solution treatment for 16 hr at 960 F, the 
specimens were quenched in water at room tem- 
perature and aged for various time intervals at 310, 
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Fig. 3 — Hardness-aging time curves of 195 alloy containing 
various amounts of tin or cadmium aged at 330 F. 
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Fig. 4— Hardness-aging time curves of 195 alloy containing 
various amounts of tin or cadmium aged at 345 F. 


330, 345, and 360 F. These specimens were then 
ground on 400A emery paper and a total of nine 
Rockwell B hardness readings were taken on each 
specimen. The results of this work are shown in Figs. 
2 through 5. Each point plotted fell within a maxi- 
mum standard deviation of 2.4 Rockwell readings. 

Figure 2 shows the results for an aging tempera- 
ture of 310 F. From this it can be seen that there 
are only slight differences in aging characteristics be- 
tween alloys with and without tin and cadmium. For 
short aging times at this temperature, the tin and 
cadmium alloys actually age to a lower hardness than 
those without the additions. These results tend to 
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Fig. 6 — Hardness-aging temperature curves of 195 alloy 
containing O and 0.05 per cent tin. 
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Fig. 5 — Hardness-aging time curves of 195 alloy containing 
various amounts of tin aged at 360 F. 


support those found in the exploratory experiments 
on the tensile properties. 

At higher aging temperatures, however, the tin and 
cadmium additions produce marked increases in. the 
maximum hardness attained. Figures 3, 4 and 5 show 
the results obtained for aging temperatures of 330, 
345, and 360 F, respectively. In these three cases, 
the hardness of tin- and cadmium-bearing alloys is 
considerably higher than for those without additions, 
and the extent of the difference appears to depend 
on the amount of the addition. 

An exception to this occurs when the cadmium- 
bearing alloys were aged at 330 F. In this case, the 
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Fig. 7 — Hardness-aging temperature curves of 195 alloy 
containing 0 and 0.10 per cent cadmium. 
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alloy with the 0.10 per cent cadmium content aged 
to lower hardnesses than a similar alloy containing 
0.05 per cent cadmium. However, tensile results re- 
ported later indicate that the response to aging 
should increase with increasing cadmium content. 
There is no apparent reason for this anomalous 
behavior. 

For an aging temperature of 360 F, the alloys con- 
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Fig. 8 — Tensile properties of 195 alloy containing various 
amounts of tin. All alloys were solution treated for 16 hr at 
960 F and aged as shown at 330 F. 
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Fig. 9 — Tensile properties of 195 alloy containing various 


amounts of cadmium. All alloys were solution treated for 
16 hr at 960 F and aged as shown either at 330 or 345 F. 
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taining tin and cadmium continue to show increased 
hardness over the 195 alloy without any additions, 
but the maximum hardness attained is equal to or 
lower than at an aging temperature of either 330 or 
345 F. 

Figures 6 and 7 are a summary of the results 
shown in Figs. 2 through 5. For aging temperatures 
of 330, 345, and 360 F, the maximum hardness in the 
tin alloys occurs after about 10 hr, and the hardness 
attained after this time at each temperature is plot- 
ted in Fig. 6. For comparison purposes, the hardness 
attained after 4 hr and 20 hr is also included. 

The results for the 4-hr aging time can also be 
compared to the hardness attained after 4 hr at each 
temperature for alloy without tin additions. A sim- 
ilar comparison is also made for the cadmium alloys. 
In this case, however, the maximum hardness at- 
tained at each temperature occurs after a 20-hr aging 
time. This can be compared to the hardness after 
4 and 10 and 30 hr aging. 

From these curves it is apparent that, in the case 
of alloys containing either tin or cadmium, the op- 
timum aging temperatures, with respect to maximum 
hardness, are 330 and 345 F, respectively. The opti- 
mum aging time is 10 hr for the tin and 20 hr for 
the cadmium alloys. 


Tensile Properties 

From the aging curves obtained, it is apparent 
that tin and cadmium additions drastically alter the 
age hardening characteristics of the 195 alloys. It 
would be expected that the tensile properties of the 
same alloy would follow a similar trend. To investi- 
gate this, tensile bars were poured from alloys con- 
taining various amounts of tin and cadmium (Alloy 
II, Table 1). 

These bars were then solution treated for 16 hr at 
960 F, quenched in room temperature water, and 
artificially aged. The tin alloys were aged for 5, 15, 
and 25 hr at 330F, and the cadmium alloys were 
aged at 330 and 345 F for times up to 30 hr. 

Figures 8 and 9 show the effect of small amounts 
of the commercial alloy increased with additions of 
alloy. The points represent averaged values obtained 
with two or three bars. To avoid possible damage 
to the extensometer, the yield strength was not de- 
termined in all instances. The strength properties 
of the commercial alloy increased with additions of 
tin and cadmium up to about 0.025 and 0.05 per 
cent, respectively. Similarly, a corresponding de- 
crease in elongation was obtained. In general, addi- 
tions of tin or cadmium above these mentioned seem 
to have little or no further effect. 

A 0.025 per cent tin alloy aged for 15 hr exhibited 
a tensile strength of 51,000 psi, a yield strength of 
46,500 psi, and an elongation of 0.9 per cent. Similar 
properties were obtained in a 0.05 per cent cadmium 
alloy aged for 20 hr at 330F; however, the tensile 
strength and elongation were slightly lower. 

While the hardness data indicate that the maxi- 
mum hardness in the cadmium alloys occurs with 
an aging temperature of 345F, the highest tensile 
and yield strengths in this case were obtained 
at 330 F. 
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Copper Content Effect on Alloys Containing 
Tin or Cadmium 

While it is apparent that the tin and cadmium 
additions substantially increase the tensile and yield 
strengths of the 195 alloy, it is equally apparent that 
the elongation values are considerably lowered. It 
was believed that some elongation could be regained, 
at the expense of strength, by lowering the copper 
content and decreasing the impurity content of the 
alloys. The effect of the separate impurities could 
then be evaluated by additional studies. 

Several alloys were prepared with copper contents 
ranging from 2.0 to 4.5 per cent, and impurity con- 
tent as low as possible with the available materials 
(Alloy III, Table 1). Tin and cadmium additions 
were 0.05 and 0.10 per cent, respectively. 

The tensile bars poured from these alloys were 
solution treated as before, and aged at 330F. The 
bars containing tin were aged at this temperature 
for 10 hr and those containing cadmium for 20 hr. 
The results obtained are shown in Figs. 10 and 11. 

Figure 10 shows the tensile results obtained from 
alloys containing 0.05 per cent tin. As anticipated, 
the elongation values are somewhat improved by the 
lower copper contents, but the tensile and yield 
strengths are lowered. At an elongation level of 3 per 
cent, these properties are approximately 46,000 and 
40,000 psi, respectively. This combination of prop- 
erties occurs at approximately 3 per cent copper. Be- 
low this copper content, the tensile and yield strengths 
decrease at a more rapid rate. (Figures 10 and 11 also 
present data on the effect of grain refinement which 
are discussed in another section of this report.) 

Similarly, for alloys containing 0.10 per cent cad- 
mium (Fig. 11), lowering the copper content pro- 
duces increased elongation values and lower strength 
properties. In this case an elongation level of 3 per 
cent again occurs at about 3 per cent copper. The 
tensile and yield strengths associated with this elon- 
gation, however, are slightly lower than those ob- 
served in the alloys containing tin. 

It will be noted that the tin and cadmium con- 
tents used in this series of experiments were 0.05 and 
0.1 per cent, respectively. While these are the op- 
timum aiaounts on the basis of age hardening studies 
of 195 alloy, they may not be the optimum amounts 
for alloys containing 3 per cent copper. Therefore, 
a series of alloys was prepared, containing approxi- 
mately 3 per cent copper, with tin and cadmium 
additions up to 0.07 per cent and 0.16 per cent, re- 
spectively. Tensile bars were poured from these al- 
loys (Alloy IV, Table 1) and subsequently solution 
treated and aged for various times at 330F. The 
results are shown in Figs. 12 and 13. 

From Fig. 12 it can be seen that the optimum tin 
addition to an alloy containing 3 per cent copper 
should be 0.03 to 0.05 per cent. In agreement with 
the age hardening studies, the aging time is 330 F 
to produce the highest tensile and yield strengths 
is about 10 hr, and under these conditions the 
values obtained are approximately 46,000 psi tensile 
strength, 40,000 psi yield strength, and 3 per cent 


elongation. 


287 
































° a 





ELONGATION 
PERCENT IN 2 INCHES 
oe 





\\ 





60 | 


et 














40 
© NOT GRAIN REFINED 
| @ GRAIN REFINED 








TENSILE STRENGTH 
KPSI 





30 























30 





a 
40 | = | a ll 
v 


20 


YIELD STRENGTH 
(01% OFFSET ), KPS! 























| 
10 
10 15 20 25 3.0 3.5 40 45 5.0 
COPPER , PERCENT 
Fig. 10 — Tensile properties of Al-0.05 Sn alloy containing 
various amounts of copper. All alloys were solution treated 
for 16 hr at 960 F and aged for 10 hr at 330 F. 
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Fig. 11 — Tensile properties of Al-O.10 Cd alloy containing 
various amounts of copper. All alloys were solution treated 
for 16 hr at 960 F and aged for 20 hr at 330 F. 
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Fig. 12 — Tensile properties of an Al-3 Cu alloy containing 
various amounts of tin. All alloys were solution treated for 
16 hr at 960 F and aged as shown at 330 F. 
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Fig. 13 — Tensile properties of an Al-3 Cu alloy containing 
various amounts of cadmium. All alloys were solution treated 


16 hr at 960 F and aged as shown at 330 F. 
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Fig. 14— Grain size and tensile properties of Al-3.0 Cu-0.04 
Sn and Al-3.0 Cu-0.09 Cd alloys containing various amounts of 
titanium. 
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Fig. 15— Tensile properties of Al-3 Cu-0.05 Sn and Al-3 
Cu-0.10 Cd alloys containing various amounts of silicon. 
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Fig. 16 — Photomicrographs showing etfect of silicon on structure of a low impurity content Al-3 Cu-0.05 Sn alloy. (Solution 
treated 16 hr at 960 F, aged 10 hr at 330 F.) Etch— 3 per cent HF. Mag. — 200X. 


Similarly, the optimum cadmium addition for this 
alloy is about the same as that found previously; 
i. e., 0.10 per cent (Fig. 13). In this case, the highest 
tensile and yield strengths were found for aging times 
between 20 and 30 hr at 330 F. Twenty hours, how- 
ever, appears to favor slightly better combination of 
properties (45,000 psi tensile strength, 39,000 psi 
yield strength, and 3 per cent elongation). 


Titanium Additions Effect on Alloys Containing 
Tin or Cadmium 

Grain size measurements on the aluminum-3 per 
cent copper alloys containing tin and cadmium 
showed that the grain size in these low impurity 
content alloys was relatively coarse. To reduce the 
grain size and thus possibly increase the ductility of 
these alloys, titanium additions were made in 
amounts of 0.01 to 0.20 per cent (Alloy V, Table 1). 

Tensile bars poured from these alloys were solu- 
tion treated for 16 hr at 960 F, quenched in water, 
and artificially aged. The tin and cadmium alloys 
were aged for 10 and 20 hr, respectively, at 330 F. 
The specimens used for grain size measurements 
were obtained from the gage portion of test bars. 
Jefferie’s17 planimetric method was employed to de- 
termine the number of grains per square millimeter 
in each specimen. 

The results of this work (Fig. 14) show that a 
marked reduction in grain size was obtained in these 
low impurity content alloys by the addition of ap- 
proximately 0.05 per cent titanium. A slight increase 
in elongation was obtained in the tin and cadmium 
alloys, but a reduction in tensile and yield strengths 
was observed in alloys containing cadmium. 

Figures 10 and 11 show the effect of grain refine- 
ment (about 0.05 per cent titanium) on the tensile 
properties of aluminum-0.05 per cent tin, and alum- 
inum-0.10 per cent cadmium alloys containing vari- 


ous quantities of copper. In general, the grain-re- 
fined tin alloys exhibited a slight increase in tensile 
strength and elongation, while a _ reduction in 
strength was again observed in the grain-refined cad- 
mium alloys. 


Silicon Content Effect on Alloys Containing 
Tin or Cadmium 

With the exception of the commercial 195 alloy, 
all the work reported thus far pertained to alloys 
of low impurity content. Preliminary observations of 
the foundry characteristics of the 3 per cent copper 
alloy lead to a tentative conclusion that alloys of 
this composition may be slightly more prone to hot 
tearing!’ than the commercial 195 alloy. Exploratory 
investigations along these lines have indicated that 
silicon additions can help to alleviate this problem. 
(Iron additions do not seem to affect the hot tearing 
tendencies.) In view of the potential benefit from 
silicon additions, it appeared desirable to determine 
the effect of this element on the properties. 

Additions of silicon up to about 2 per cent were 
made to low impurity content aluminum-3 per cent 
copper-0.05 per cent tin, and aluminum-3 per cent 
copper-0.10 per cent cadmium alloys (Alloy VI, Ta- 
ble 1). Tensile bars poured from these alloys were 
solution treated for 16 hr at 960 F and aged for 10 
hr (tin alloys) and 20 hr (cadmium alloys) at 330 F. 
The results are shown in Fig. 15. 

From this it can be seen that | per cent silicon 
results in an increase in tensile and yield strengths. 
However, as might be expected, this occurs at some 
sacrifice in ductility. Here again, with respect to 
elongation, grain refinement offers improvement to 
the alloys containing tin. 

Figure 16 shows the microstructure of two alum- 
inum-3 per cent copper-0.05 per cent tin alloys with 
(a) 0.05 to 0.08 per cent silicon, and (b) 2 per 
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cent silicon. The 2 per cent silicon addition in (b) 
‘has produced a grain boundary network of an addi- 
tional phase, which, as is discussed later, can be 
responsible for the observed changes in tensile 
properties. 


Discussion 


Age Hardening Studies 


From the results obtained on the hardness studies 
it would appear that the aging time and temperature 
required to produce maximum hardness in these 
alloys is about 10 hr at 330F for the tin alloys, 
and 20 hr at 345 F for the cadmium alloys. It will be 
noted that the aging curves for 310F show that the 
hardness continues to rise even after 60 hours. It is 
conceivable that the maximum hardness reached at 
this temperature would equal that reached at 330 F 
(or 345 F), but the time involved would be exces- 
sively long. Such extended aging times were not con- 
sidered practical for this work and, therefore, the 
higher aging temperature was selected. 


It was mentioned previously that the criterion for 
optimum aging conditions was the combination of 
time and temperature which produced the highest 
hardness. The tensile properties were then evaluated 
under these aging conditions. In the case of the tin- 
bearing alloys, the maximum hardness and highest 
tensile and yield strengths occurred at 10 hr at 330 F. 
In the case of cadmium, however, the maximum 
hardness occurred at 345 F, while the maximum ten- 
sile and yield strengths occurred at 330F. For that 
reason 330 F was selected for aging both the tin and 
cadmium alloys. 

Due to the brittle nature of the 195 alloys con- 
taining tin and cadmium, it was not possible to ob- 
tain yield strengths in all cases. In comparing the 
data for the tin alloys it is apparent that the yield 
strength is the property most affected by these addi- 
tions. For a given aging cycle, an addition of 0.05 
per cent tin will increase the yield about 30 per cent 
and the tensile strength about 20 to 25 per cent. In 
spite of these significant increases in strength proper- 
ties, it is also apparent that such an alloy would be 
unsuitable for most engineering applications due to 
the low elongations obtained. 

It should be mentioned at this point that it was 
not the intent of this investigation to study the 
mechanism of the effect of tin or cadmium. Very 
little is known about the mechanism of precipitation 
in general. A considerable amount of work has been 
done, however, on studying precipitation hardening 
in the aluminum-copper system, and the state of 
knowledge for the particular alloy has been well 
advanced. Investigations by many! workers in this 
field have led to the conclusions that aging in the 
aluminum-copper system involves a four-stage pre- 
cipitation process. 


Guinier and Preston have studied the early stages 
of aging in this system and the precipitation products 
of the first two stages of aging are called Guinier- 
Preston zones after these workers. For brevity they 
are more commonly referred to as G.P. zones [1] 
and [2]. G.P. zones [1] are pictured as being an 
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accumulation of copper atoms on preferred crystallo- 
graphic planes within the aluminum lattice, and G.P. 
zones [2] as an ordered arrangement of these copper 
atoms. 

The precipitation product of the third stage in 
the aging process is designated as @’. At present it 
is not known whether 6’ is an allotropic form of 
G.P. zones [2] or whether it is nucleated from the 
solid solution. The fourth and last stage involves the 
formation of the equilibrium phase 6, or CuAlg, as 
shown on the phase diagram. 

In the binary aluminum-copper system the great- 
est increases in hardness are associated with the for- 
mation of G.P. zones [2]. It was originally believed 
by Hardy15 that small additions of tin or cadmium 
accelerated the rate of formation of G.P. zones [2] 
and thereby increased the hardness. In subsequent 
work, Silcock, Heal, and Hardy1® have shown that 
the formation of @’ (and not G.P. zones [2]) is favored 
in the presence of tin or cadmium. It appears that 
the increased hardness in these alloys is due to the 
increased rate of formation of the 6’ constituent. 


Effect of Copper Content 

It is obvious that the elongation values of the 4.5 
per cent copper alloy containing tin. and cadmium 
are prohibitively low for consideration in most en- 
gineering applications. However, at the 3 per cent 
copper level a satisfactory combination of properties 
can be obtained. It will be noted that the level of 
impurity content in the 3 per cent alloys was con- 
siderably lower than that in the commercial 195 
alloy. 

It is known that the presence of iron as an im- 
purity can effectively tie up some copper in com- 
pound form. The copper combined with the iron 
cannot enter into the precipitation reaction and, 
therefore, a 4.5 per cent copper alloy with large 
amounts of iron may respond to aging in a manner 
similar to an alloy containing 3 per cent copper and 
low iron content. From the ductility standpoint, the 
latter combination is preferred due to the deleterious 
effect of the compound on the elongation. 

Assuming that the minimum useful elongation 
value that can be tolerated is 3 per cent, the op- 
timum copper content appears to be about 3 per 
cent. Grain refinement offers one means for further 
improving the ductility of this alloy, as discussed 
below, without sacrificing tensile and yield strength. 
Since these alloys were aged to maximum hardness, 
it is also feasible to underage to gain ductility; but 
this, of course, occurs at the sacrifice of strength. 

The more logical approach to increasing elonga- 
tion lies in the use of higher purity materials. A 
limited amount of work in this study has shown 
silicon to be detrimental to ductility. It was men- 
tioned above that iron also lowers ductility. In all 
probability there are additional benefits to be de- 
rived from using materials of still lower impurity 
content than those used in the present work. 


Titanium Additions Effect 


From the results obtained (Fig. 14), it is evident: 
that the grain size of the 0.04 per cent tin and 0.09 
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per cent cadmium alloys are greatly reduced by an 
addition of titanium of approximately 0.05 per cent. 
The cadmium alloy exhibited greater grain refine- 
ment than the tin alloy; however, a reduction in 
tensile and yield strengths was observed. The tita- 
nium additions had little or no effect on the strength 
properties of the tin alloy, but some increase in 
elongation was noted. The reduction in strength ob- 
tained in the cadmium alloy may possibly be ex- 
plained on the basis of the tendency of this element 
to form a compound with titanium. In doing this 
the cadmium is effectively prevented from entering 
into the precipitation process. 


Silicon Content Effect 

The results of this work show that additions of 
silicon up to about | per cent increase the tensile 
and yield strengths of these alloys with some loss 
in ductility. Additions above this, however, decrease 
the strength properties. The increase in strength ob- 
served in these alloys may result from solid solution 
strengthening. 

The drop-off in strength associated with additions 
of silicon above 1 per cent may be due to its accum- 
ulation in the grain boundaries. While the solid 
solubility of silicon in aluminum at 960F is about 
1 per cent, its solubility in these alloys is lower 
when approximately 3 per cent copper is present. 
The photomicrographs of Fig. 16 clearly show the 
effect of silicon on the structure of these alloys. 

It would appear that silicon additions to improve 
foundry characteristics are not consistent with pre- 
vious statements relative to the use of higher purity 
materials to improve ductility. While additional 
studies need to be carried out, it appears that these 
alloys should be useful for special applications where 
the high yield strengths can be exploited. This alloy 
is not intended as a substitute for the commercial 
195 composition. Where the geometry of the casting 
application produces a tendency toward hot tearing, 
judicious silicon additions may be made to improve 
the foundry characteristics of the alloy. 


Conclusions 


1) Optimum tensile properties are attained in the 
195 alloy after 10 hours at 330F with tin addi- 
tions, and 20 hr at 330 F for cadmium additions. 

2) Under these conditions of aging, the tensile and 
yield strengths attained increase with the amount 
of tin or cadmium present in the alloy for the 
ranges investigated (up to 0.1 per cent cadmium 
and 0.05 per cent tin). 

3) The ductility obtained with 195 alloy containing 
tin or cadmium is unsatisfactory. 

4) To retain a reasonable amount of ductility, the 
copper content of the alloy should be lowered 
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to about 3 per cent and the impurity content 
controlled at lower limits. 

5) With a lower impurity and copper content, it is 
possible to obtain properties of approximately 
46,000 psi tensile strength, 40,000 yield strength, 
and 3 per cent elongation for both tin and cad- 
mium additions. The optimum aging conditions 
to obtain these properties are 10 hr at 330F for 
the tin alloys, and 20 hr at 330 F for the cadmium 
alloys. 

6) Titanium additions for grain refining purposes 
result in some improvement in the elongation 
values of alloys containing tin. A grain-refined, 
0.04 per cent tin alloy exhibited a tensile strength 
of approximately 49,000 psi, a yield strength of 
40,000 psi, and an elongation of 4 per cent. Tita- 
nium additions are detrimental to the strength of 
alloys containing cadmium. 

7) Silicon additions, up to | per cent, increase the 
tensile and yield strengths but are detrimental 
to the elongation. 
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FATIGUE PROPERTIES OF TWO 
ALUMINUM DIE-CASTING ALLOYS 


G. W. Stickley* and J. L. Miller* 


ABSTRACT 


Results of reversed bending and axial-stress fatigue 
tests of 218 and 380 aluminum die-casting alloys at 
room temperature, and of reversed bending tests at 
temperatures up to 500 F, are presented. From axial- 
stress tests, a Goodman range-of-stress diagram was 
prepared which indicates fatigue life at various condi- 
tions of minimum and maximum axial stress. 

From tests of notch specimens, stress concentration 
factors of sharp notches at various condition of test 
were determined. 

Some commercial uses of die castings are cited in 
which the castings are subjected to repeated loading, 
sometimes at elevated temperatures. An example of a 
simulated service test, that of a cylinder head, is de- 
scribed. 


Introduction 


With the development of stronger alloys in recent 
years, high strength has become another of the de- 
sirable qualities of aluminum-alloy die castings. As a 
result, many new opportunities for the use of such 
castings have been found, particularly in stressed parts 
and also at elevated temperatures. Some examples 
are pistons and cylinder heads of internal combustion 
engines. 

These new applications have been accompanied by 
an increasing need for design data concerning static 
and dynamic properties. Some information of this 
kind was included in a paper presented before this 
Society in 19541} which contained data concerning 


TABLE | — TENSILE PROPERTIES OF ALLOYS TESTED 
Yield 











Tensile Strength Elong. 

Alloy Designation Strength, (Offset=—0.2%) , in 2 in., 
Alcoa ASTM Lot psi psi % 
218 G8A Typical 45,000 27,000 8.0 
A 48,700 28,400 12.0 
B 50,000 28,200 11.6 
380 SC84B Typical 43,000 26,000 2.0 
A 48,000 26,400 2.1 
B 48,500 26,900 3.0 





*Assistant Chief and Research Engineer, respectively, Mechani- 
cal Testing Division, Alcoa Research Laboratories, Aluminum 
Company of America, New Kensington, Pa. 


tSuperscript numbers refer ‘to Bibliography. 


the mechanical properties of the various commercial 
alloys. The purpose of the present paper is to present 
additional data obtained since that time concerning 
two of the most important alloys when subjected to 
repeated stressing or fatigue. This includes the fa- 
tigue properties of the alloys when subjected to both 
bending and axial stresses, and in the presence of 
strength reducers such as fillets, notches and elevated 
temperatures. 
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Materials and Specimens Tested Types of Tests 
The two alloys tested were 218 and 380 (A.S.T.M. Three general types of tests were made, and in 
Nos. G8A and SC84B) and have the typical tensile each, both smooth and sharp notched specimens were 
properties shown in Table 1. Alloy 218, which con- used. Specimens with both cast and machined notches 
tains 8 per cent magnesium, has a good combination were tested. In the specimens with a cast notch, the 
of high strength and ductility, together with desirable radius at the root was less than 0.01 in.; in those with 
chemical properties, such as resistance to corrosion a machined notch, it was less than 0.001 in. 
and ‘aieptatiiiey wo proseceive ‘chewed Siemens “Be The first type was a rotating simple beam test at 
use is limited, however, because of difficulties in d d hl f h 
casting and also because of the resulting influence on pada 9.27 ape edtey gies ook taper heel 
S 6 alloy using R. R. Moore machines? which subject 


cost. Alloy 380, which contains 8.5 per cent silicon 
and 3.5 per cent copper, also has high strength but is 
considerably easier to cast. It has become the best 
general purpose alloy and is more widely used. 

Two lots of specimens of each alloy, cast at differ- 
ent times, were tested. Their tensile properties, which 
were determined from standard 14-in. diameter die- 
cast specimens? and which are included in Table 1, 
equaled or exceeded the typical values. 

All specimens were cast approximately to size in 
commercial cold-chamber machines. Unless noted 
otherwise, the test sections of the specimens were not 


the specimens to reversed bending stresses. The other 
two types were made on one lot of each alloy. One of 
these was an axial-stress fatigue test at room tempera- 
ture in ARL machines4.5 in which the specimen is 
subjected to stress uniformly throughout the cross- 
section. These tests were run in series in which the 
ratios of minimum to maximum stress were +-0.5, 0.0, 
—0.5, —1.0 and —2.0, stresses being considered alge- 
braically, tensile being positive and compressive being 
negative. The third test employed reversed bending 
stresses at elevated temperatures, and was in ARL 




































































machined. It was necessary, however, to remove any machine® in which the specimen is a fixed canti- 
flash from the test section. lever beam deflected in a circular path. 
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Reversed Bending Tests at Room Temperature 


As has been discussed previously,1 the results of 
fatigue tests of different lots of a metal tend to lie in 
a band instead of along a single smooth curve. Also, 
for the commercial aluminum die-casting alloys, the 
respective bands overlap considerably and may be 
considered as constituting one broad band. This band 
for smooth specimens of aluminum alloys is shown 
in Fig. 2, the data for the two lots of 218 alloy being 
within a slightly smaller band. Similarly, Fig. 3 con- 
tains data for 380 alloy,+ but the band for this alloy 
is narrower than that for 218 alloy. 

For 218 alloy, it will be noted that the data for 

-Lot A lie in the upper part of the band and for Lot 
B in the lower part. As can be seen by referring to 
Table 1, this difference is not accompanied by a 
corresponding difference in tensile properties. It was 
found to be associated, however, with difference in 
porosity, the lot with the higher fatigue strength being 
definitely better in this respect. Greater difficulty in 


tThis is the same as Fig. 4 of Reference 1. 


CYCLES OF STRESS 


casting 218 alloy, with resulting variations in porosity, 
explains the larger width of band for 218 alloy than 
for 380 alloy. 

Results of the notch tests, which were made only 
on Lot B of each alloy, are shown in the lower parts 
of Figs. 2 and 3. Again, the band for 380 alloy is 
narrower than for 218 alloy. In general, the machined 
notch, which was sharper than the cast notch, had a 
more harmful effect. 

The average strengths in the tests of smooth speci- 
mens of the two alloys agree closely, and the differ- 
ences in tests of notched specimens are believed to 
be no larger than would occur between different lots of 
the same alloy. Therefore, the results for the two 
alloys have been averaged as shown in Table 2. The 
fatigue strength reduction factors generally were from 
about 2 to 3.3 and were slightly higher at the larger 
numbers of cycles of stress. 

It should be remembered that the notches represent 
conditions much more severe than normally would 
be experienced in service. Therefore, the strength 
reduction factors generally are somewhat larger than 
would be encountered in commercial die cast parts. 


TABLE 2 — AVERAGE RESULTS OF ROTATING-BEAM FATIGUE TEsTs OF 218 AND 380 ALLoys AT ROOM TEMPERATURE 





Number of Cycles 








Notch* 104 105 106 107 108 5x108 
Fatigue Strength, psi 
None 36,500 28,000 22,000 20,500 20,000 20,000 
Cast; r <0.01 in. 18,000 13,000 10,000 8,000 7,500 7,500 
Machined; r <0.001 in. 14,500 10,000 8,000 7,000 6,500 6,500 
Fatigue Strength Reduction Factor,j Ky, 
Cast; r <0.01 in. 2.0 2.2 2.2 2.6 2.7 2.7 
Machined; r <0.001 in. 2.5 2.8 2.8 2.9 3.1 3.1 


*r = radius at root of notch, in. 


tRatio of fatigue strength of smooth specimens to fatigue strength of specimen containing notch. 
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Fig. 5 — Fatigue properties of 
Alloy 380 from axial-stress 
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Axial Tests at Room Temperature 


Curves obtained from the axial-stress tests of smooth 
specimens using different ratios of minimum to maxi- 
mum stress are shown in Figs. 4 and 5, stresses shown 
being the maximum in the cycle. In drawing the 
curves, consideration was given not only to the data 
for a specific stress ratio but also to the data for 
other ratios, in order to make the curves within each 
group compatible with each other. 

Differences in results of the tests of smooth speci- 
mens of the two alloys are not always in the same 
direction but are no larger than might be obtained 
in different lots of the same alloy. For use in design, 











therefore, the results have been averaged and the 
Goodman range-of-stress diagram in Fig. 6 has been 
prepared. To facilitate interpretation of the data 
for design, the fatigue strengths for different numbers 
of cycles are presented in Table 3 using three methods 
of tabulation. First, the maximum stresses when using 
certain ratios of minimum to maximum stress are 
shown. Next, there are the maximum stresses for cer- 
tain minimum stresses. Finally, there are the alter- 
nating stresses that can be superimposed on certain 
mean or steady stresses. 


The average results of the tests of notch specimens 
are shown in Table 4. This table also includes the 
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TasBLeE 3 — AVERAGE AXIAL-STRESS FATIGUE STRENGTHS OF 218 AND 380 ALLoys 
AT Room TEMPERATURE (SMOOTH SPECIMENS) 
Number of Cycles 














Stress, psi, 
or Ratio 104 105 106 107 108 5x108 
Approximate Maximum Stress, psi 
f +0.5 +41,000 +33,000 +28,000 + 27,500 +27,000 +27,000 
| 0.0 + 36,000 +27,000 +-22,000 +21,000 +20,500 +20,500 
Stress { —0.5 + 30,500 + 22,500 + 18,000 +17,000 + 16,500 + 16,500 
Ratio, R* | —1.0 +26 ,000 +19,500 + 15,500 + 14,500 + 14,000 + 14,000 
{ —2.0 + 20,000 + 15,000 +12,000 +-11,500 +11,000 +11,000 
f —30,000 + 24,500 +15,000 + 9,500 + 8,000 + 7,000 + 7,000 
—25,000 + 26,500 +17,000 +11,500 + 10,000 + 9,500 + 9,500 
—20,000 + 28,500 +19,000 +13,500 +12,500 +11,500 +11,500 
—15,000 +30,500 +21,000 + 16,000 +14,500 + 14,000 +14,000 
—10,000 + 32,500 +-23,000 +18,000 +17,000 + 16,000 +16,000 
Min. — 5,000 +34,000 +25,000 +20,000 + 19,000 +18,500 +18,500 
Stress, : 
psi 0 + 36,000 +27,000 +22,000 +21,000 20,500 +20,500 
’ + 5,000 + 37,500 + 29,000 + 24,000 +23,000 + 23,000 +23,000 
+ 10,000 +39,000 +31,000 +26,000 +25,500 +25,000 +25,000 
+15,000 + 40,000 +32,500 +28,500 +27,500 +-27,500 +27,500 
| +20,000 + 41,000 + 34,000 +30,500 + 30,000 +29,500 +29,500 
Approximate Reversed (Alternating) Stress, psi 
—10,000 +30,000 +23,500 +19,500 +18,500 +18,000 +18,000 
Mean 
(Steady) 0 +26,000 +19,500 +15,500 +14,500 +14,000 +14,000 
Stress, 
psi + 10,000 +22,000 +15,000 +11,500 +10,500 +10,500 +10,500 
+ 20,000 +17,000 +10,500 + 7,500 + 7,000 + 6,500 + 6,500 


Minimum Stress 

*R=— 
Maximum Stress 

Plus (+) means tension; Minus (—), compression 








TABLE 4— AVERAGE RESULTS OF AXIAL-S1RESS FATIGUE TESTs OF 218 AND 380 ALLoys AT RooOM TEMPERATURE 














aren Number of Cycles 
Notch* Rt 104 105 106 107 108 5 108 
Maximum Stress, psi 
None +05 41,000 33,000 28,000 27,500 27,000 27,000 
0.0 36,000 27,000 22,000 21,000 20,500 20,500 
—0.5 30,500 22,500 18,000 17,000 16,500 16,500 
—10 26,000 19,500 15,500 14,500 14,000 14,000 
—2.0 20,000 15,000 12,000 11,500 11,000 11,000 
Cast; r <0.01 in. +05 27,000 18,000 12,000 11,000 10,500 10,500 
0.0 19,500 12,000 8,000 7,000 7,000 7,000 
—0.5 16,000 10,500 7,500 6,500 6,500 6,500 
—10 13,000 9,000 6,000 5,500 5,500 5,500 
—2.0 9,500 6,000 4,000 3,500 3,500 3,500 
Machined; r <0.001 in. +05 21,500 15,000 11,000 10,000 9,000 9,000 
0.0 17,000 11,500 8,500 8,000 7,000 7,000 
—0.5 14,000 10,500 8,000 6,500 6,000 6,000 
—1.0 12,500 8,500 6,000 5,500 5,000 5,000 
—2.0 9,000 6,000 4,500 3,500 3,500 3,500 
Fatigue Strength Reduction Factors,j Kp, 
Cast; r <0.01 in. +05 15 1.8 2.3 2.5 2.6 2.6 
0.0 1.8 2.2 2.8 3.0 2.9 2.9 
—0.5 19 2.1 2.4 2.6 2.5 2.5 
—1.0 2.0 2.2 2.6 2.6 2.5 2.5 
—2.0 2.1 2.5 3.0 3.3 3.1 3.1 
Machined; r <0.001 in. +05 1.9 2.2 25 2.8 3.0 3.0 
0.0 2.1 2.3 2.6 2.6 2.9 2.9 
—0.5 2.2 2.1 2.2 2.6 28 2.8 
—10 2.1 2.3 2.6 2.6 2.8 2.8 
—2.0 2.2 2.5 2.7 3.3 3.1 3.1 
*r = radius at root of notch, in. 
Maximum Stress 
t*R= 
Minimum Stress 


tRatio of fatigue strength of smooth specimens to fatigue strength of specimen containing notch. 
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TABLE 5 — AVERAGE RESULTS OF REVERSED-BENDING FATIGUE TESTS AT ELEVATED TEMPERATURES 
Temp, Number of Cycles 
Alloy Notch* °F 104 105 106 107 108 5108 
Fatigue Strength, psi 
218 None 300 27,000 17,500 11,000 8,500 7,500 7,500 
400 23,500 15,000 9,000 6,500 6,000 6,000 
500 20,500 12,000 6,500 4,500 3,500 3,500 
Cast; r <0.01 in. 300 17,000 11,500 7,500 5,000 4,000 3,500 
400 15,500 10,500 6,500 4,500 3,500 3,000 
500 14,500 9,500 6,000 4,000 3,000 2,500 
Machined; r <0.001 in. 300 20,500 13,500 8,000 5,500 4,500 4,500 
400 18,000 11,500 6,500 4,500 4,000 3,500 
500 15,500 9,500 5,500 3,500 2,500 2,500 
380 None 300 22,500 18,500 15,000 13,000 11,000 10,000 
400 19,500 15,000 11,000 8,500 7,500 7,000 
500 17,000 12,500 9,000 6,500 5,500 5,000 
Cast; r <0.0) in. 300 17,000 12,000 7,500 5,000 4,000 4,000 
400 16,500 11,000 7,000 5,000 4,000 4,000 
500 15,500 10,500 6,500 4,500 4,000 4,000 
Machined;r <0.001lin. 300 16,000 12,500 9,000 6,500 5,000 5,000 
400 15,000 11,500 8,500 6,000 5,000 4,500 
500 14,000 10,500 8,000 5,500 4,500 4,500 
Strength Reduction Factor,; K, 
218 Cast; r <0.01 in. 300 16 1.5 1.5 1.7 1.9 2.1 
400 1.5 1.4 1.4 1.4 1.7 2.0 
500 1.4 1.3 1. 1.1 1.2 1.4 
Machined; r <0.001 in. 300 1.3 1.3 1.4 1.5 1.7 1.7 
400 1.3 1.3 1.4 1.4 1.5 1.7 
500 1.3 1.3 1.2 1.3 1.4 1.4 
380 Cast; r <0.01 in. 300 1.3 15 2.0 26 2.8 2.5 
400 12 1.4 1.6 1.7 1.9 1.8 
500 1. 12 1.4 1.4 1.4 12 
Machined; r <0.001 in. 300 1.4 15 1.7 2.0 2.2 2.0 
400 1.3 1.3 1.3 1.4 1.5 1.6 
500 12 1.2 1.1 12 1.2 1.1 


*r= radius at root of notch, in. 
t Ratio of fatigue strength of smooth specimens to fatigue strength of specimen containing notch. 





fatigue strength reduction factors computed by di- hoist parts, food cutter frames and escalator parts. 





viding the maximum stresses for smooth specimens 
by the corresponding stresses for notch specimens. 
These factors usually ranged from about 1.8 to 3.3, 
and are about the same as were found in the reversed 
bending tests. 


Reversed Bending Tests at Elevated Temperatures 

Results of the reversed bending tests at 300, 400 
and 500 F for the two alloys are shown in Figs. 7 and 8 
and are summarized in Table 5. For each alloy, the 
fatigue strengths decrease with increase in tempera- 
ture. At the different temperatures and numbers of 
cycles, the fatigue strengths of 380 alloy generally are 
higher than for 218 alloy, which is consistent with the 
relative tensile properties of these alloys at elevated 
temperatures.1 These differences can be explained by 
the differences in composition of the alloys. 

Fatigue strength reduction factors, which range 
from about 1.1 to 2.8, decrease with increase in tem- 
peratures. They also are smaller at the higher stresses 
and smaller numbers of cycles. 


Commercial Applications 
As mentioned in the previous paper,! aluminum- 
alloy die castings are being used in various applica- 
tions in which they are subjected to repeated stressing. 
Examples cited were hair clipper housings, chain 


To these can be added castings that are used success- 
fully under stress at elevated temperatures, such as 
pistons, cylinder blocks and cylinder heads of in- 
ternal combustion engines. In these applications, the 
good heat conductivity of aluminum alloys is an im- 
portant quality. In die-cast cylinder heads, the cooling 
fins can be thinner, which permits an increase in 
their number, thereby providing a larger area of 
radiation for dissipation of heat. 

Fatigue tests of cylinder heads of 380 alloy were 
made using the set-up shown in Fig. 9, and an ex- 
ample of the failures obtained is shown in Fig. 10. In 
addition to demonstrating that die-cast cylinder heads 
would operate satisfactorily in service, the tests were 
valuable in showing certain improvements in design 
that would increase their fatigue strength. 


Conclusions 

1. Average fatigue strengths of 218 and 380 alloys 
at room temperature, when subjected to reversed 
bending stresses and to axial stresses, are as shown 
in Tables 2 and 3. The average fatigue strengths at 
elevated temperatures are as shown in Table 5. 

2. At room temperature, there is no correlation 
between tensile strength and fatigue strength of dif- 
ferent lots. 
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Fig. 10 — Fatigue failure resulting from test of die-cast cylin- 
der head. 


3. Fatigue strengths decrease with increase in tem- 
perature as with other aluminum alloys. 


4. Fatigue strengths of 218 and 380 alloys are about 
the same at room temperature, but at elevated tem- 
peratures, 380 alloy generally is superior to 218. 


5. Notches may have a detrimental effect on fa- 
tigue strength of die castings subjected to repeated 
bending or axial stresses. The effect is larger for 
sharper notches and at larger numbers of cycles of 
stress, but become smaller at elevated temperatures. 


6. Aluminum die castings of 218 and 380 alloys 
can be used satisfactorily in parts subjected to repeated 
stress under various conditions including elevated 
temperatures. 
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Chairman: F. C. BenNnetr, The Dow Chemical Co., Midland, 
Mich. 

O. Ticuy1 and D. L. Cotwe.i2 (Written Discussion): We 
should like to congratulate the authors of this paper, and the 
laboratories which they represent, on the presentation of this 
paper as an excellent sequel to the 1954 paper by Mr. C. O. 
Smith. Fatigue tests are burdensome and the amount of work 
involved is tremendous and the information very helpful. We 
should appreciate further information from the authors on a 
couple of points. 

When the ASTM first started its testing program an un- 
notched impact bar was decided upon. In view of the consistency 
of the results from the unnotched specimens here, and in view 
of the stress concentration of a notch plus the sharper angle 
in the machined notch, would it be advisable to judge die cast- 
ings in fatigue by the use of cast to size unnotched specimens? 
In comparing with castings, of course, stress concentrations in 
casting designs should be considered. Or conversely, is the 
fatigue strength reduction factor shown supposed to be used in 
considering irregular casting designs? 

The values at room temperature appear to be somewhat 
higher than for sand or permanent mold cast specimens. These 
are with the as-cast surface. Have the authors tested any 
machined specimens with the fact in mind that many die cast- 
ings today are subjected to machining operations? 

We were particularly interested in the fact that the two alloys 
listed, 380 and 218, had essentially the same fatigue strengths 
in spite of the fact that the handbook values for 218 tensile 
properties show a considerable superiority over 380, particularly 
in elongation, 

The authors have pointed out that the spread between maxi- 
mum and minimum fatigue strengths was much greater in the 
case of 218 than in the case of 380 reflecting the greatly superior 
castability of 380. ‘Were certain specimens of 218 alloy thrown 
out because of unduly divergent results or radiographic de- 
fects, both of which would show an inferior casting? 

We have long been of the opinion that 218 has received more 
credit than it deserves particularly because of the fact that it 
is so much more difficult to produce suitable castings. In view 
of the fatigue properties, at least, it would seem that this alloy 
could be deleted. 

Comment should also be made at the elevated temperature 
comparison of the two alloys where 380 is generally superior to 
218. One would suspect that this superiority would be much 
greater in certain more difficult castings where a greater number 
of defects would appear in the 218 alloy. 


1. Chief Metallurgist, Apex Smelting Co., Cleveland, Ohio. 
2. Director of Laboratories, Apex Smelting Co. 








ADHESION OF PHENOL-FORMALDEHYDE TO VARIOUS 
REFRACTORY OXIDES 


J. K. Sprinkle* and H. F. Taylor** 


ABSTRACT 

The work of adhesion of phenol-formaldehyde to 
various refractory oxides was calculated from surface 
tension and contact angle data. The surface tension of 
phenol-formaldehyde at 300F (150C) in an atmos- 
phere of dry helium was found to be 29 dynes/cm. The 
contact angle decreased in the following order: mag- 
nesia, alumina, zirconia, silica, zircon. The tensile 
strength of shell molds made with these refractory 
oxides was determined, and this tensile strength was 
shown to increase as the work of adhesion increased for 

Phenol-formaldehyde and the refractory oxide in ques- 

tion. 

Introduction 

In the course of a research project at M.I.T.,1 the 
difference in strength between shell molds made with 
silica and zircon was noted, and efforts were made to 
explain it on the basis of density of the refractory, 
packing (as expressed by per cent “void”), grain 
size, grain shape, grain size distribution, and differ- 
ences in the coefficient of thermal expansion. These 
efforts were not successful, and the differences were 
left unexplained. 

The report contained an observation of major im- 
portance; a photomicrograph (Fig. 1) showed that 
the failure of a shell mold appeared to be a separation 
of resin from refractory, indicating an adhesive fail- 
ure rather than a failure of the bonding agent, per se. 
This observation was very significant, because, if the 
failure is adhesive in nature, the work of adhesion of 
phenol-formaldehyde against various refractory oxides 
should bear an important relation to the strength of 
shell molds. 

The importance of determing the mechanism of 
bond failure in shell molding, and of finding some 
means of improving the efficiency of bonding, is evi- 
dent for economic reasons: (1) the high cost of resin 
is a limiting factor to more universal adoption of 
the process, and (2) there is no reasonable probabil- 
ity that the cost of the resin will be reduced in the 
foreseeable future. 


*Applied Research Engineer, Foundry Department, General 
Electric Co., Schenectady, N. Y. 

**Professor of Metallurgy, Foundry Section, Massachusetts 
Institute of Technology, Cambridge, Mass. 


This paper presents experimental work done io 
determine the work of adhesion of phenol-formalde- 
hyde resin against various refractories; some of these 
refractories are potentially useful for making shell 
molds, and some are of theoretical interest only. 


Adhesion of Phenol-Formaldehyde 
to Refractory Oxides 

The work of adhesion of two substances is the 
theoretical work required to separate these substances. 
Work of adhesion of a liquid to a solid bears a direct 
relation to the surface tension of the liquid and to 
the liquid-solid contact angle. This relation is com- 
monly written: 


Wp = 4, (1 + ©os 6) 





Fig. 1 — Photomicrograph of fractured shell mold specimen 

(100X). White is zircon; light gray is phenol-tormaldehyde 

resin; dark gray is impregnating resin; and black is void space. 

Circles enclose fractures between phenolic resin and zircon 
grains. 
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Fig. 2— Section view of sessile drop apparatus. (A) Main 
tube; (B) Cap and thermocouple well; (C) Pyrex platform; 
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(D) Sight glass; (E) Camera; (F) Charging sidearm; (G) 
Plaque; (H) Pusher; (I, J) Sidearms. 





where: W,, = work of adhesion (dynes/centimeter) 
8, = surface tension (dynes/centimeter) 
@ = contact angle between a liquid drop 
and solid surface (degrees). 


If the failure of shell molds using various refrac- 
tory oxides is due to an adhesive failure, the tensile 
strength of shell-molded specimens should be related 
to the work of adhesion. To measure this work of 
adhesion, some means of measuring liquid surface ten- 
sion and the contact angle between liquid and solid 
is necessary. These two quantities can be obtained 
simultaneously by the sessile drop method. Adam? 
describes the calculations involved in translating size 
and shape of a drop on a flat plate (sessile drop) 
into values for surface tension and contact angle. Es- 
sentially, the method requires four measurements and 
use of these four measurements in tables provided by 
Bashforth and Adams.3 

For valid measurements of surface tension, ma- 
terials used must be as pure as possible; also, all sur- 
faces must be thoroughly degassed. Heating in vac- 
uum is an accepted method of degassing a surface. 
After degassing, the atmosphere must be controlled 
until all measurements are made, to prevent re- 
contamination. The sessile drop method for deter- 
mining surface tension has the additional requirement 
that the drop must be placed so it can be measured 
accurately. The usual method for doing this is to take 
a photograph of the drop (at temperature) through a 
sight glass. 

Search of the literature failed to disclose any ex- 
perimental evaluation of the surface tension of 
phenol-formaldehyde resin, or any definite values for 
the contact angle of the resin against any refractory 
oxides. Carswell5 does mention that precoating abra- 
sive grit with a liquid phenolic is necessary to insure 
wetting when making grinding wheels bonded with 
phenol-formaldehyde resin, thereby implying the con- 
tact angle is not zero. 

Harkins gives several examples of the energy of 
adhesion of silica, zirconia and zircon against various 
liquids. These results are interesting in that in all 
cases the value for zircon is noticeably higher, while 
the values for silica and zirconia are lower and in the 


same order of magnitude. It is of interest that the 
tensile strengths of the shell molds made with these 
same materials fal] in the same order. 

The apparatus used to perform the sessile drop 
experiments was designed to do the following: (1) 
degas the solid plaque under vacuum at elevated 
temperature, (2) charge the resin onto the clean 
plaque under a controlled atmosphere, (3) melt and 
hold the resin at a specified temperature, and (4) 
record accurately the shape and size of the drop at 
temperature. Figure 2 is a drawing of the apparatus. 

The magnesia, alumina and zirconia plaques were 
all prepared in the Ceramics Laboratory at M.LT. 
from pure materials. Flours of these oxides were 
bonded with carbowax for green strength, pressed, 
prefired to remove the carbowax and give some small 
amount of strength, then highfired to sinter. In addi- 
tion to these pressed and fired plaques, natural quartz 
and zircon were used. Plaques were made from these 
natural products by cutting and polishing. All 
plaques were degassed for 24 hours at 930 F (500 C) 
under a vacuum of 10 to 15 microns of mercury, then 
dry helium was admitted to the system. The plaques 
were allowed to cool to about 95 F (35 C) before the 
resin was charged onto them. 

The resin used in the sessile drop experiments was 
a commercial shell-molding resin “A”. This resin dif- 
fers from the usual shell-molding resin in that no 
hexamethylenetetramine has been added, which means 
that this resin is thermoplastic. The resin has a 
melting point of about 250F (120C), and so must 
contain about 7 moles of formaldehyde for each 10 
moles of phenol, and must have a molecular weight 
of about 750.5 

The resin was obtained as a fine powder (99 per 
cent through 200 mesh) and was melted before using. 
To do this, the powder was. placed in a glass tube, 
and carefully evacuated while heating. Once the resin 
was molten, the temperature was raised to 390F 
(200 C) ; the melt was held at this temperature for 30 
minutes under a vacuum of about 5 millimeters of 
mercury, then cast into a glass tube 7 millimeters 
diameter and cooled to room temperature. The glass 
cylinder containing the resin was cut into convenient 
lengths, and the tube of resin removed. 
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Fig. 3 — Tensile Strengths of various metal oxides vs median 
grain size. 


These small cylinders of resin were polished with 
a clean file to a roughly cubical shape, to provide an 
advancing angle on the plaque during melting. After 
the resin had been charged onto the appropriate 
plaque, it was melted and held at 300F (150C) for 
a minimum of 4 hours before a picture was taken that 
would be used in calculating the surface tension or 
contact angle. 

The time required to reach equilibrium was de- 
termined by making a series of photographs, and using 
these photographs to calculate the surface tensions 
and contact angles from the size and shape of the 
drop. After 4 hours, no further change was detectable 
in either surface tension or contact angle. The same 
value for resin density was used in all surface tension 
calculations. The average of three density determina- 
tions was 1.22 gm/cu cm. 

The value of surface tension, determined for ten 
specimen, was 29 dynes/cm. The surface tension was 
determined by using a formula, developed by Porter,® 
based on the Bashforth and Adams’ tables. 

All of the values for the contact angles of resin 
against the various refractory oxides in dry helium 
were obtained by the use of the Bashforth and Adams’ 
tables. The work of adhesion is calculated by the use 
of Equation (1). 

The following results were obtained, in degrees 
and dynes/cm: 


Plaque Magnesia Alumina Zirconia Silica Zircon 
Angle 130 125 112 100 92 
W om 10 12 18 24 28 


Although great care was taken in the measurement 
of the contact angles, only a limited number of de- 
terminations of each angle was possible. The very na- 
ture of the experiments carried out make the contact 
angles of the utmost importance, since the change 
from one plaque to another is marked only by a 
change in contact angle and not in liquid or resin 
surface tension. Thus, many more values can be used 
in evaluating the correct surface tension, than in 
evaluating the correct contact angle. The Bashforth 
and Adams’ tables, however, are much less sensitive 
to measuring errors where contact angles are con- 
cerned than they are where surface tension is to be 
determined. 
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Fig. 4— Tensile strengths of various metal oxides vs work 
of adhesion. 


Tensile Strengths of Phenol-Formaldehyde 
Bonded Refractory Oxides 

The tensile strengths were determined at room 
temperature, while the work of adhesion was meas- 
ured at 300 F (150C). This temperature was chosen 
high enough to make the resin sufficiently fluid for 
attaining equilibrium in a reasonable time and low 
enough to avoid any chemical change. In general, the 
surface tension of a material does not change greatly 
on freezing. 

The tensile test specimens were all prepared at the 
same time, and a procedure very similar to that used 
for the tensile strength data in the M.I.T. report 
“Research on Shell Molding’’! was used. All of the 
specimens were bonded with resin containing hexa- 
methylenetetramine. The resin was added to the dif- 
ferent refractory oxides in per cent by weight calcu- 
lated so the volume ratio of refractory to resin would 
be constant. A curing temperature of 660F (350 C) 
and curing time of 114 minutes were used in making 
all tensile specimens. In each case, the strength was 
obtained from breaking 0.250-inch standard shape 
tensile test specimens on a sand testing machine. Ev- 
ery tensile strength value given is the result of averag- 
ing the values received from breaking three speci- 
mens. These data, together with the median grain 
size for each refractory, are given in Table 1. 








TABLE |] 
Refractory 
Oxide Magnesia Alumina Zirconia Silica Zircon 

Density, gms/cm® 3.7 3.7 5.7 2.65 4.6 
% Resin 4.3 4.3 2.8 6.0 4.6 
Median Grain 

Size, mm 0.36 0.21 0.19 0.12 0.10 
Tensile Strength, psi 146 175 345 460 720 





Previous work! done with resin “A” gave the ten- 
sile strengths for the various refractory oxides in the 
same order. 

In the M.I.T. report “Research on Shell Molding,” ! 
many values are given for the tensile strength of 
silica shell molds using sands of several different 
grain sizes. If these data are plotted with strength 
versus median grain size, an approximately linear 
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relation is found, with the strength decreasing as the 
median grain size decreases, at a constant resin con- 
tent. Figure 3 gives this information together with 
points obtained from testing the various oxides used 
in this work. It will be noted the weakest material 
has the largest median grain size, and the strongest 
material has the smallest median grain size. This 
means the differences reported for the different ox- 
ides would have been even greater if all of the ma- 
terials were of the same median grain size. 


Relation Between Tensile Strength and 
Work of Adhesion 
If the work of adhesion values are arranged so the 
refractory oxides are listed in order from the lowest 
value to the highest, and to this list is added the ten- 
sile strength, the following is the result: 


Plaque Magnesia Alumina Zirconia Silica Zircon 
W __ dynes/cm 10 12 18 24 28 
AD 
Tensile 


strength, psi 146 175 345 460 720 
These data are presented graphically in Fig. 4. 

It can be seen from an examination of Fig. 4 that 
as the work of adhesion increases, so does the tensile 
strength of the shell mold; that is, the tensile strength 
of a refractory oxide shell mold bonded with phenol- 
formaldehyde resin is related to the work of adhesion 
between the resin and the refractory oxide. 
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DISCUSSION 


Chairman: J. F. WALLACE, Case Institute of Technology, Cleve- 
land, Ohio. 

J. E. Bott! (Written Discussion): First, I would like to con- 
gratulate Dr. Sprinkle on an excellent piece of work in a com- 
pletely unexplored field. This basic approach and the definitive 
results obtained are characteristic of the technological approach 
now being applied to problems of the foundry industry, and of 
shell molding operations in particular. 

This paper has pointed up a prime need, or better an oppor- 
tunity, which is to increase the adhesive bond of resin to the 
molding medium. We have a long way to go before we can 
utilize the full potential bonding strength inherent in phenolic 
resins. Greater performance may be expected of phenolic resins 
when we learn to incorporate a property, probably best defined 
as toughness. 

The effect of adding hexa to the thermoplastic resin, or 
novolak, by these data presented, is not shown to have a signifi- 
cant effect on the relationship established by the sessile test 
using novolak alone. I would like to ask Dr. Sprinkle whether 
this or subsequent work may have indicated any effects, good or 
bad, by the addition of hexa to the novolak. 

All of us working in this field are familiar with the effects of 
some of the principles covered by this paper. For example, the 
structure of a cured shell mold made from a dry sand-resin 
mix will appear practically identical to that of a mold made 
from resin-coated sand. During curing of the shell mold, the 
sand particles somehow become coated with the resin. Surely at 
our present state of knowledge of the subject, it appears likely 
that forces of surface tension or wetability of the liquified resin 
account for this action. 

Let us hope that this work will open the way for more of its 
kind and calibre. The problem is clearly defined in this work, 
which involves several refractory oxides as variables, holding the 
resin a constant. We may hope the results herein reported may 
inspire other projects to approach the subject from other aspects. 
One of these might involve modification or additions to the 
resin, holding as constant our most common refractory oxide, 
silica. 


1. Technical Service Engineering, Chemical Materials Department, 
General Electric Co., Pittsfield, Mass. 








COMPARISON OF PROPERTIES OF LIQUID- AND 
AIR-QUENCHED PEARLITIC MALLEABLE IRONS 


PART II — DUPLEX, COLD-MELT PROCESS AND ALLOYED PEARLITIC MALLEABLE IRONS 


Report by 
AFS Pearlitic Malleable Committee (6-E) * 


In 1956 this Committee presented a report en- 
titled “Comparison of Liquid- and Air-Quenched 
Pearlitic Malleable Irons, Part I—Duplex Iron.” (See 
AFS Transactions, vol. 64, pp. 91-97 (1956). The 
present report describes processing and properties of 
pearlitic malleable irons produced by the cold-melt 
process, both alloyed and non-alloyed. Also carried 
over from Part I is a comparison of liquid and air 
quenching, both followed by tempering, as the 
means of producing the various ASTM grades of 
pearlitic malleable irons (Table 1). The practices 
and results obtained from eight foundries producing 
the various ASTM grades are described in the sec- 
tions which follow. The plant practice is described 
essentially in the wording of the men who provided 
the information. 


Plant D 


A brief resume of practice at Plant D is given: 


Melting Practice 
Metallic charge consists of the following ingred- 
ients: 


Re Pe eer eee eee 7 to 8 percent 
ES a are cee a 85 to 39 per cent 
eer errr r eeere rere ceo 50 to 54 percent 
oe Eee 8 per cent 
I on bres ci ee ccccspees 0.5 per cent 
Manganese Briquets ............+-+seee0. 0.3 per cent 
Coke (this includes bed coke; Ratio 7.6:1).. 260 lb/ton 
RANG ois kris ewe ceseenvesntaeress 80 Ib/ton 
I se an ewes wai 1 Ib/ton 


Two No. 9 cupolas are operated on alternate days. 
All air going into the cupola is regulated by an air- 
weight controller. Average metal temperature at the 


*Members of AFS Pearlitic Malleable Committee (6-E) are 
as follows: R. W. Heine, University of Wisconsin, Madison, 
Chairman; A. H. Karpicke, Saginaw Malleable Iron Plant, Cen- 
tral Foundry Div., General Motors Corp., Saginaw, Mich., Vice- 
Chairman; W. M. Albrecht, Chain-Belt Co., Milwaukee; J. E. 
Kruse, Albion Malleable Iron Co., Albion, Mich.; J. H. Lansing, 
Malleable Founders’ Society, Cleveland; Milton Tilley, National 
Malleable & Steel Castings Co., Cleveland; W. C. Truckenmiller, 
Albion Malleable Iron Co., Albion, Mich.; P. F. Ulmer, Link- 
Belt Co., Indianapolis, Ind.; and E. N. Wheeler, Belle City Mal- 
leable Iron Co., Racine, Wis. 
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TasBLe 1 — ASTM SpEciFiIcatTions For PEARLITIC 
MALLEABLE IRON CASTINGS 
(ASTM A220:55T) 








Typical Yield Ultimate _—_Elonga- 

ASTM Hardness Point, Strength, tion, % 
No. Range, Bhn Min, psi Min, psi Min 
45010 163-207 45.000 65,000 10 
45007 163-217 45,000 68,000 7 
48004 163-228 48,000 70,000 4 
50007 179-228 50,000 75,000 7 
53004 197-241 53,000 80,000 4 
60003 197-255 60,000 80,000 3 
80002 241-269 80,000 100,000 2 





cupola spout is 2810F. The iron runs from the 
cupola trough into a continuous desulfurizing fore- 
hearth. The sulfur content is held below 0.15 and 
average sulfur runs between 0.120 and 0.130. 

The metal is superheated in a 35-ton air furnace 
fired with pulverized coal. The metal is tapped from 
the air furnace into 1-ton ladles at the tapping spout 
at 2900 F. 

Actual range of iron analysis is as follows: 

Carbon, 2.25 to 2.50 per cent; Silicon, 1.30 to 1.45 
per cent; Manganese, 0.45 to 0.50 per cent; Sulfur, 
0.12 to 0.14 per cent; Phosphorus, 0.06 per cent; 
Chromium, .040 per cent Max. 

The air furnace is operated with semi-automatic 
atmosphere control with a continuous gas analyzer. 
All new raw materials which include fuel, steel, etc., 
are analyzed before being accepted. The heat treating 
practice in producing various grades of pearlitic mal- 
leable iron is as follows: 

First stage graphitization is performed by heating 
to 1750 F, holding a minimum of 9 hours, maximum 
time of 12 hours, dropping the temperature to 1650 F 
and air quenching to black temperature. 

For the ASTM 45010 pearlitic malleable grade, 
the castings are then reheated to 1280 F and drawn at 
this temperature for 5 hours. 

The 60003 grade drawing time and temperature is 
2 hours, 1260 F. 

For grade 80002, the castings are re-heated to 1260 F 
and held for one hour. 


57-59 





\ e ) 4 
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TABLE 2 — MECHANICAL PROPERTIES 














Plant D 
Heat Composition, % bs Strength, psi % 
Bar No. T.C. Si . Mn Cr Yield Ultimate Elong. 
Grade — 45010 
2.40 1.41 0.53 128 029 46320 70480 11.0 
2.36 1.28 48 128 027 46320 68750 14.5 
2.24 1.33 53 -150 040 48000 79600 14.0 
Grade — 60003 
2.40 1.31 45 141 033 64980 98650 4.0 
2.48 1.35 44 -146 038 70730 100000 4.0 
2.38 1.37 48 137 047 63300 90800 6.0 
2.10 1.31 53 135 050 66300 95700 5.5 
Grade — 45007 
2.37 1.27 Al 131 028 48450 75500 9.0 
2.39 1.30 45 137 .030 52700 77350 7.0 
2.39 1.31 48 131 031 52200 76000 7.5 
2.35 1.44 51 125 023 52150 81600 10.5 
Grade — 80002 
2.35 1.30 48 125 025 88000 120000 4.0 
2.25 1.35 48 130 .020 86500 118000 4.5 
Manganese — 
Alloyed Pearlitic 
Malleable Iron 
2.20 1.33 1.00 149 025 62400 88650 9.5 
2.31 1.33 1.00 139 025 62650 88200 10.0 
2.14 1.37 1.00 141 025 63550 88000 9.5 
In addition to the air-quenched pearlitic malleable . 
; ae Typical Charge: 
iron, Plant D produces manganese alloyed pearlitic Sprue 40-60 per cent 
malleable iron which is made by adding manganese Malleable Pig 30 per cent 
to the ladle and subjecting to an arrested anneal. Steel Scrap 5 per cent 
: Malleable Scrap 25- 5 percent 
The manganese content of the iron runs 1.00 per : 
2 : . Chemistry: 
cent; the brinell hardness range is 3.9 mm to 4.3 mm. ne oii ak aii ic a 
= : arge nalysis, ‘oO verage ea nalysis, () 
Heat treatment is as follows: TC. 2.80 — 
The work is heated to a temperature of 1760F 7 en oe 
. . Mn ow JIIV., 
and soaked for 18 hours and air quenched, with S 0.07 me ees 
cooling fans and manifolds, to black temperature. The P 0.10-0.14 0.10-0.14 
load is reheated to 1300 F and held for 6 hours. Then Cr 0.01-0.04 0.01-0.04 
Mn (after alloying) 0.8 -1.15 


dropped to 1270 F and held for 18 hours. These cast- 
ings are used where wear is a factor. 


Listed in Table 2 are typical mechanical properties. 
Table 2 shows that mechanical properties of the 
grades of irons produced by air quenching and draw- 
ing by alloying easily meet specifications of the re- 
spective grades. 


Plant E 


All iron going into production of higher elongation 
pearlitic malleable iron castings (i.e., grades 45010, 
45007, and 50007) is made from base compositions 
that normally produce standard 35018 malleable iron 
properties. The high-strength low-elongation grades 
may be manufactured from irons that will develop 
either 35018 or 32510 malleable iron properties. All 
the white iron for production of high-elongation 
pearlitic malleable iron castings is cold melted in 
heats up to 36 tons fired with pulverized coal. 

Weighed amounts of medium-carbon ferromanga- 
nese are added to bull ladles containing weighed quan- 
tities (500-580 lb) of white iron from the air furnace 
so as to give 0.45 to 0.80 per cent manganese in 
excess of the Mn-S ratio (2xS + .15 per cent), or 
some 0.80 to 1.15 per cent contained manganese in 
the treated iron. The amount of this excess man- 
ganese depends on the particular grade of pearlitic 





malleable being made. Constant supervision of alloy- 
ing in the foundry is imperative. One-half to one 
per cent copper may also be added to improve cor- 
rosion resistance of some castings for specific appli- 
cations. Also, for certain work, molybdenum, along 
with ferromanganese and copper, is added. Copper- 
tellurium or bismuth-boron may be added if there is 
any tendency toward primary graphite formation. 


Heat Treatment 

For producing the several high-elongation grades 
of pearlitic malleable iron, the heat-treating cycle is 
held constant. The only variant is the alloy content. 


(a) Completion of first stage graphitization at 
1720 F (34-36 hours, 8-ton load) 

(b) Air quench from first-stage temperature (by 
dropping car and load from furnace and ap- 
plying air blast fans) . 

(c) Spheroidization: 34-36 hours at 1300-1320F. 


Such a cycle permits unalloyed white iron to be 
fully malleablized by the same treatment that pro- 
duces pearlitic malleable iron from the alloyed iron. 
In a jobbing foundry this is economical since full 
furnaces can be charged for every cycle even when 
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Fig. 1— Typical mechanical properties of air quenched and 
spheroidized pearlitic malleable iron produced in Plant E. 


there is insufficient pearlitic malleable tonnage to 
make up full loads. All furnaces for this type of heat 
treatment are of the electric elevator kind, the pro- 
tective atmosphere being self-generated from the cast- 
ings and retained by a sand seal between car and 
furnace. The resulting matrix of the pearlitic mal- 
leable castings is fully spheroidized. 


Mechanical Properties: Tensile and Hardness 


Figure 1 shows three curves plotting hardness 
against average tensile properties obtained from daily 
production of several grades of pearlitic malleable 
iron made by the above process over a two-year period 
in Plant E. Deviations from the average are approxi- 
mately + 5,000 psi tensile strength, + 4,000 psi yield 
strength, and + 5 per cent elongation. These bars 
were tested without machining, so there is some spread 
in the values, as would be expected. 

In comparing Fig. 1 with Figs. 3, 4 and 5 of the 
1956 report (pp. 95, 96 AFS TRANsactions, vol. 64), 
it is interesting to note that (a) tensile strengths are 
identical between alloyed and unalloyed pearlitic mal- 
leable irons, (b) yield strengths fall in about the 
same range as for air-quenched unalloyed irons, and 
(c) the elongations are 230 to 240 per cent higher 
than air-quenched unalloyed irons. Since the irons 
represented in Fig. 1 are substantially lower in carbon 
and silicon than those reported in the 1956 report, 
it is expected that the former should have high elong- 
ation values. 


The high-strength pearlitic malleable irons are best 
produced by liquid quenching and tempering. Figure 
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Fig. 2— Typical mechanical properties of Mn-alloyed, oil 
quenched and tempered high-strength pearlitic malleable iron 
produced in Plant E. 


2 shows typical values for liquid-quenched-and-tem- 
pered manganese-alloyed pearlitic malleable iron for 
Plant E. The excess manganese increases hardenabil- 
ity and permits greater uniformity of properties over 
a wider range of section sizes, since the tempering 
cycle is not as critical as with pearlitic malleable irons 
of normal malleable composition. For liquid quench- 
ing, a container of 300-500 Ib of castings at the hard- 
ening temperature is spilled down a short trough and 
into a quench tank. A somewhat lower quenching 
temperature is employed for the alloyed iron than 
for unalloyed irons. 

Plant E also produces some manganese-alloyed 
pearlitic malleable castings in a standard 48-hour 
malleablizing cycle, involving a slow controlled cool- 
ing through the eutectoid temperature range. This 
iron has somewhat lower ductility and reduced ma- 
chinability than the fully spheroidized product at any 
given hardness level, because of the partially lamellar 
matrix. However, its wear resistance is very good. 
Other mechanical properties which have been de- 
termined are as follows: 

Modulus of Elasticity in Tension: 26,000,000- 

28,000,000 psi 
Electrical Conductivity: 4 to 5 per cent I.A. C.S. 
Coefficient of Linear Thermal Expansion: 7.4—7.6 x 
10-6 per °F from room temperature to 1300 F. 


Plant F 
Average chemical analysis of the manganese-alloyed 
pearlitic malleable iron metal produced in Plant F 
is as follows: 
C —2.30-2.50 per cent P —0.10-0.14 per cent 
Mn — 0.75-0.85 per cent Cr —0.01-0.03 per cent 


Si —0.90-1.00 per cent Cu — 0.50 per cent (optional) 
S$ —0.07-0.10 per cent 
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This material is produced by the cold-melt process. 
The temperature is about 2800 F at the spout where 
the manganese is added to the ladle. Copper is also 
added here in many castings to enhance corrosion re- 
sistance. A completely hard iron structure is obtained 
on solidification in the casting. 

A typical annealing cycle is shown in Fig. 3A. Mas- 
sive carbide is decomposed in electric elevator car- 
type furnaces from 1-ton to 5-ton capacity. No packing 
is used and the furnace is sealed against atmosphere 
a+ 45 —75 42k4--- 10 —2 change. 

TIME - HOURS Two important steps in the heat treatment are the 
air quench to a fine pearlitic structure and the 
spheroidizing treatment which accomplishes a homo- 
geneous structure. Manganese functions as most 
alloys by moving the time-temperature-transformation 
(T-T-T) curve to the right. This gives 100 per cent 
fine pearlite on air quenching in batch-type produc- 
tion and reasonably heavy sections as° shown in 
Fig. 3B. 


Figure 3C traces the history of combined carbon. 




















TEMPERATURE 


Fig. 3A— Malleable heat treat cycle in Plant F on 4-ton 
electric furnace. 
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Fig. 3B — T-T-T curves of austenite in Plant F. 
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Beginning with approximately 2.30 per cent combined 
carbon the castings are heated to above the critical 
temperature where breakdown of massive carbide oc- 
curs until the eutectoid line is reached. Here the 
combined carbon decreases along the solubility line 
as the temperature is reduced and upon air quenching 
the remainder transforms to pearlite. On reheating 
for spheroidizing the added manganese retards pre- 
cipitation of combined carbon and permits spheroidi- 
zation giving the structure shown in Fig. 3D. 
Average mechanical properties are given in Fig. 4. 
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Fig. 4— Typical mechanical properties of air quenched and 
spheroidized Mn-alloyed pearlitic malleable iron (Plant F). 


Plant G 


Pearlitic malleable iron made by Plant G is melted 
in an air furnace by the cold-melt process from ma- 
terials substantially free from chromium and other 
carbide stabilizing elements. Subsequently, it is fully 
annealed by a long-cycle anneal requiring approxi- 
mately seven days to complete. 

After the iron is completely annealed some of the 
carbon is redissolved by heating to 1475-1500 F, de- 
pending on the physical properties desired. 

The iron is then oil quenched. Tempering is done 
at approximately 1200-1250 F to produce the physical 
properties desired. This results in a brinell hardness 
of 170 to 190. 

The melting furnace charge consists of 50 per cent 
sprue, 40 per cent pig iron, 8 per cent malleable 
scrap, and 2 per cent of steel. 

Heat for melting is supplied by powdered coal. 

The tapping temperature is approximately 2750- 
2800 F. 
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Probably 80 per cent of the malleable iron produced 
in this plant is poured in green-sand molds. The re- 
mainder is poured in shell molds. 

Following complete malleablizing, the castings are 
reheated in a furnace in such a manner that re-solu- 
tion of carbon starts uniformly throughout the entire 
lot of castings in a furnace load. It will readily be 
seen that this is necessary, otherwise some castings 
will have more dissolved carbon than others. This 
technique is accomplished by bringing the load up to 
approximately the hardening temperature and even- 
ing off before raising to the actual temperature at 
which some of the carbon is redissolved. The castings 
are held in the furnace until a desired amount of re- 
combined carbon is obtained. This may be checked 
by quenching a test casting to see if the particular lot 
of parts is responding to the usual heat-treating cycle. 

As soon as the desired percentage of combined car- 
bon is obtained, the entire load is quenched in oil in 
order to prevent the combined carbon from decom- 
posing as it would if slowly cooled. A more uniform 
structure can be obtained in this manner. Properties 
are better than when a slow-cooling cycle, such as 
air cooling, is employed. 

Hardness is held to a brinell hardness range of 20. 

For higher strength pearlitic malleable iron, it has 
been the custom in Plant G to add molybdenum or 
copper to increase the strength and to produce parts 
with a slightly higher combined carbon. 

In Plant G the idealized structure for pearlitic 
malleable iron as shown in Fig. 5 produces unique 
properties. By this method of recombining a fixed 
amount of carbon, improved machinability, mechan- 
ical properties, and wear resistance are obtained. Fig- 
ure 5 shows the variation in mechanical properties as 
the combined carbon increases. 


Plant H 


Malleable iron in Plant H is melted in a pulverized- 
coal-fired air furnace of 57-ton capacity. The chemistry 
of the metal is: 


Silicon 1.00 to 1.10 per cent 
Manganese 0.30 to 0.35 per cent 
Sulphur 0.08 to 0.10 per cent 
Phosphorus 0.13 to 0.16 per cent 
Total Carbon 2.30 to 2.40 per cent 


Castings are annealed in batch-type annealing ovens 
of 30 to 40-ton capacity per oven. The annealing 
cycle is as follows: Pot and oven thermo-couple tem- 
peratures are brought up to 1600-1700 F and held in 
this range for a minimum of 40 hours. The oven is 
then shut off and allowed to drop to 1370 F. The cast- 
ings are held in the range of 1270 to 1370F for a 
minimum of 21 hours. 

Mechanical properties of standard malleable iron 
test bars from 50 consecutive heats are: 


Aver. Tensile Strength, psi — 56,040 (Range, 53,200 - 59,200) 
Aver. Yield Strength, psi — 37,100 (Range, 35,100 - 41,300) 
Aver. Elongation, % — 20.94 (Range, 18.0 - 26.0) 
Aver. Brinell Hardness —130 (Range, 120 to 140) 


To produce pearlitic malleable iron, the castings 
are fully malleablized and then given a heat treat- 
ment to obtain the desired grade of pearlitic mal- 
leable iron. 
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Tensile Yield 
Strength, Strength, Elongation, 
BHN psi psi q, 
l 120 57,000 38,400 25 
2 150 66,300 45,200 20 
3 163 71,400 51,000 17 
4 179 80,500 58,000 12 
5 228 97 500 76,000 7 
6 332 133,500 120,000 l 





Grade 50007 iron is produced by heating castings 
to 1500 F, holding 1 to 1% hr, and oil quenching. 
Casting are then heated to 1200 F and held 1 to 1y% 
hr, after which they may either be air cooled or oil 
quenched. Following are the mechanical properties 
of Grade 50007 iron from 50 ovens. 


Grade 50007 (50 ovens reported): 


Aver. Tensile Strength, psi — 84.400 (Range, 75,300 - 98,000) 
Aver. Yield Strength, psi — 55.360 (Range, 49,909 - 62,500) 
Aver. Elongation, % —7.52 (Range, 7.0 - 12.0) 
The above mechanical properties are the result of 
air cooling after drawing. 


Fig. 5 — Photomicrographs showing progressively more com- 
bined carbon with progressively higher strength and hardness. 
Mag. — 100X. 


Grade 60003 (5 ovens reported): 
Aver. Tensile Strength, psi — 90,100 (Range, 85,500 - 95,500) 
Aver. Yield Strength, psi — 62,400 (Range, 60,000 - 65,000) 
Aver. Elongation, % — 50 (Range, 3.5 - 7.0) 
Aver. Brinell Hardness — 210 (Range, 187 = - 241) 


Grade 80002 (2 ovens reported): 


Tensile Strength, psi — 100,450 and 110,300 
Yield Strength, psi 87,800 and 88,700 
Elongation, % — 30 and 2.0 
Brinell Hardness — 235 to 269 


Plant I 


Metal at Plant I is melted in a cold-melt air furnace 
fired with pulverized coal. The charge consists of 35 
per cent pig iron, 50 to 55 per cent sprue (remelt 
and hard iron scrap), 10 to 5 per cent malleable 
scrap, and 5 per cent steel rail. Nominal composition 
as poured is— 
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Total Carbon 2.25 to 2.35 per cem 
Silicon 1.15 to 1.20 per cent 
Manganese 0.33 to 0.38 per cent 


Sulfur 0.06 to 0.08 per cent 
Phosphorus 0.10 to 0.15 per cent 
Chromium None 
Annealing is done in pulverized-coal-fired batch- 
type ovens. The castings are packed with silica sand 
in stacks of iron pots. They are held at 1650F for 
sufficient time to insure complete first stage graphiti- 
zation and then slowly cooled to 1100 F. 
Pearlitic malleable iron is produced by reheating 
fully ferritic malleable iron, oil quenching and draw- 
ing to the desired hardness and strength levels. 


Mechanical properties are: 





Tensile Yield Elonga- Brinell 
Strength, psi Strength, psi tion, % Hardness 
1. 70,000 to 80,000 50,000 to 56,000 8tol4 170 to 190 
2. 85,000 to 95,000 55,000 to 65,000 5 to 10 197 to 228 
3. 90,000 to 105,000 65,000 to 80,000 3to 8 228 to 241 
4. 97,000 to 120,000 75,000 to 90,000 3to 6 241 to 285 
5. Other special grades as agreed on. 


Plant J 


The base iron in Plant J is melted in a No. 8 
cupola. The charge consists of 55 to 60 per cent 
sprue, 5 to 10 per cent malleable pig iron, 30 to 40 
per cent structural steel scrap, and sufficient 50 per 
cent lump ferrosilicon. Moisture control of the cu- 
pola blast is utilized. The cupola melt runs contin- 
uously into a 30- to 35-ton pulverized-coal-fired air 
furnace. The same chemical composition issued for 
standard malleable and pearlitic malleable castings. 


Chemical Analysis, % 





Carbon 2.45 -2.55 
Silicon 1.30 -1.35 
Manganese 0.36 -0.38 
Sulfur 0.13 -0.14 
Chromium 0.036-0.044 
Boron 0.0015 


Phosphorus ./.05 -0.06 


Heat treatment is accomplished in radiant-tube- 
fired pusher-type furnaces. Furnace atmospheres are 
controlled by purging with a purified exothermic gas 
of 0.3 per cent CO, 0.3 per cent Hp, 99.4 per cent N, 
dried to -30 F dew point. The furnaces are divided 
into seven temperature control zones. The time-tem- 
perature cycle is controlled by varying the travel 
schedule through the furnace. The castings are mal- 
leabilized by passing through the 1625 F zone in 6 
hours, the 1750 F zone in 11 hours, the 1375 F zone 
in 514 hours, the 1350 F zone in 314 hours and on 
through the 1300 F zone in 3 hours, and are dis- 
charged and cooled in still air to room temperature. 
Pearlitic malleable castings are made by pushing 
through the 1625 F zone in 3.8 hours, the 1750 F zone 
in 12.7 hours, the 1650 F zone in 1.8 hours and then 
are discharged into an air-quench system for fast cool- 
ing to room temperature. 

Some castings are then tempered to a specified hard- 
ness while others are processed through an additional 
heat treating operation, depending on the desired 
mechanical properties. The additional heat treating 
operation consists of heating to 1600 F, oil quenching, 
and tempering to a specified hardness range. 
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An air quench and tempering operation 1s used to 
produce a partially spheroidized pearlitic matrix in 
the 163-207 bhn, 179-228 bhn, or 197-241 bhn ranges. 
The air-quench, reheat, oil-quench and tempering 
operations are used to produce a completely spheroidal 
carbide matrix of the 197-241 bhn or 241-269 bhn 
ranges. 

Plant K 

Iron in Plant K is melted in a conventional batch- 
type air furnace fired with pulverized coal. The 
charge consists of approximately 50 per cent sprue, 
34 per cent pig iron, and 16 per cent malleable scrap. 
The aim is for a hard iron analysis of approximately 
2.30 to 2.40 per cent carbon and 1.00 to 1.10 per cent 
silicon. Castings are annealed in coal-fired periodic 
ovens. Annealing schedule is approximately as fol- 
lows: 

36 hours to 1550 F 

60 hours at 1550 F 

24 hours cooled to 1325 F 

20 hours held at 1325 F 

Approximately 50 hours cooling from 1325 F. 

This produces Grade 35018 malleable iron and the 
average mechanical properties are 56,000 psi tensile 
strength, 39,000 psi yield point, and 20 to 34 per cent 
elongation. All castings are fully annealed before the 
pearlitic malleable heat treatment begins. 

While ASTM has seven grades of pearlitic malleable 
irons, Plant K produces three grades which prac- 
tically cover six of the seven grades as specified by 
ASTM. Below are the target values used in producing 
these three grades: 


Brinell Tensile Yield Elonga- 

Hardness Strength, Strength, tion, 

Number psi psi % 
Grade 1 160-180 70,000 50,000 10-12 
Grade 2 180-200 82.500 62,500 6-8 
Grade 3 200-220 90,000 70,000 3-5 


Following are typical cycles for producing the three 
grades. The temperatures quoted are temperatures in 
the furnace ducts and not necessarily actual tempera- 
tures of the castings. In the hardening cycle for 
Grade 1 the temperature is brought up to 1510F, 
requiring about 14 hour. After 114 hours at 1510 F 
duct temperature, the charge is quenched in oil, and 
the brinell hardness is then approximately 187. The 
castings are next placed in the draw furnace, and in 
approximately 20 minutes reach 1200 F. After 114 
hours at 1200 F, the castings are quenched in water. 

A typical cycle for Grade 2 is approximately 35 
minutes heating to 1570 F duct temperature holding 
114 hours, and then quenching in oil. The castings 
are next placed in a draw furnace and heated to 
1200 F in approximately 20 minutes, held at 1200 F 
and quenched in water. 

For producing Grade 3, the castings are placed in 
the hardening furnace and heated to 1590F duct 
temperature in approximately 40 minutes. After ap- 
proximately 114 hours at 1590 F they are quenched in 
oil. The castings are then placed in the draw furnace 
and heated to 1200 F in approximately 20 minutes. 
After about 114 hours at 1200 F they are quenched in 
water. The average results for a month on the three 
grades are as follows: 
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Fig. 6 — Tensile and yield strength related to hardness. 


Tensile Yield Elonga- Brinell 
Strength, Strength, tion, Hardness 
Cycles psi psi % Number 
Grade 1 137 72,264 53,328 13.5 165.6 
Grade 2 26 85,892 64,930 8.4 191 
Grade 3 12 100,080 78,350 6.2 211 
Discussion 


Data supplied by the eight plants may be analyzed 
and compared with Part I, the 1956 report. 


Mechanical Properties 

Tensile and yield strength of the pearlitic malleable 
irons in this report are presented and related to 
brinell hardness in Fig. 6 and 7. Figure 6 presents 
data for plants E and F, producing manganese-al- 
loyed pearlitic iron. The alloyed iron may be either 
oil quenched or air quenched before tempering. Usu- 
ally the higher strength grades, ASTM 60003 and 
ASTM 80002 and sometimes 50007 and 53004, are 
made by liquid quenching rather than air quenching. 
Liquid quenching produces higher yield strength at 
a given hardness, as shown in Figs. 6 and 7. Hence, 
a better yield strength to tensile strength ratio (hav- 
ing a value of 0.80) is produced by liquid quenching 
and tempering. 

Tensile and yield strength data from Plants H and I 
are compared with that of Plants E, F, and G in Fig. 7. 
No pronounced difference in tensile and yield values 
is noted between Figs. 6 and 7. Probably the situation 
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Fig. 8 — Range of tensile and yield strength values in this 
and the 1956 Committee report for liquid- and air-quenched 
irons and alloyed and non-alloyed irons. 
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is the same as in steels, where the tensile and yield 
strength of many different alloy steels are compar- 
able at equivalent hardness if they are properly heat 
treated. Tensile properties reported by Plants D and 
J do not appear on Fig. 6 and 7 for lack of hardness 
data from these plants. Data from Plant K were re- 
ceived too late for inclusion in the graph. 

A summary of the tensile and yield strength data 
in Figs. 6 and 7 and that reported by this Committee 
in Part I (1956 report) is presented in Fig. 8. Yield 
strength is seen to vary over a wider range than 
tensile strength at equivalent hardness. Liquid and 
air quenching prior to tempering are factors causing 
variation in the yield strength range. Liquid quench- 
ing permits the higher portion of the range to be 
reached. Alloying is not a factor in the tensile and 
yield strength value except as it permits different 
casting sections to be successfully liquid or air 
quenched and then tempered at the proper tempera- 
ture. However, as demonstrated later, alloying does 
have a very favorable effect on ductility. 

The range of values in Fig. 8 shows good agreement 
with the ASTM specification ranges for pearlitic mal- 
leable irons. 


Elongation 


Elongation in the tensile test for pearlitic mallea- 
ble irons from Plants E, F, G, H, and I are pre- 
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Fig. 9 -— Elongation values related to hardness. 
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sented in Fig. 9. Also shown on Fig. 9 is the range of 
elongation values presented in the 1956 Committee 
report (Part I, 1956 AFS Transactions, p. 91). Fig- 
ure 9 reveals a notable increase in elongation at a 
given hardness in the data of this report as compared 
with Part I. There are several reasons for this in- 
creased elongation. Foundries included in this report 
produce irons of lower carbon and silicon content as 
compared with those reporting in Part I. Further, 
alloying with manganese promotes increased response 
to quenching and permits tempering to a more com- 
pletely spheroidized structure at any tempering tem- 
perature. These factors plus the differences in melting 
and foundry practices account for the differences in 
elongation noted. 


Modulus of Elasticity 

Values for modulus of elasticity in tension were 
reported by Plant E as 26 to 28 x 106 psi. Modulus 
determinations were made at the University of Wis- 
consin on test bars submitted by Plants E and G with 
results as follows: 


1. Plant E~ASTM 50007, Manganese alloyed, oil 
quenched and tempered. 
25 to 27 x 106 psi modulus. 
ASTM 60003, 26 to 28 x 10® psi 
modulus. 


2. Plant G-ASTM 45007, oil quenched and tem- 
pered. 
25 x 106 psi modulus. 


Coefficient of Linear Thermal Expansion 

Plant E reports 7.4 to 7.6 x 10-6 in./in./per °F 
room temperature to 1300 F. This compares with a 
value of 6.6 x 10-6 in./in./°F reported in Part I. 


Electrical Conductivity 

Plant E reports electrical conductivity of 4 to 5 
per cent LA.CS. 
(International Annealed Copper Standard) . 


Machinability 
No specific data were supplied. 


Selective Hardening 

No specific data were supplied but all grades pro- 
duced by the reporting foundries are being selectively 
hardened. 


Conclusion 


This Committee has prepared two reports dealing 
with a “Comparison of Liquid and Air-Quenched 
Pearlitic Malleable Irons”. Part I, published in 1956 
in AFS Transactions, (vol. 64, p. 91) deals with 
liquid- and air-quenched duplexed irons. Part II, this 
report, deals with duplex, cold-melt process, and al- 
loyed pearlitic malleable irons, liquid and air 
quenched. Data from 11 plants producing all specified 
ASTM grades of pearlitic malleable iron are included 
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in these two reports. The information presented 
permits the following conclusions. 

1. Hardening by liquid quenching, and then draw- 
ing (tempering) has been shown to be a successful 
means for producing the ASTM 60003 and 80002 
grades in all foundries. 


2. Air quenching and drawing (tempering) is suc- 
cessfully used to produce ASTM 60003 and lower 
yield strength grades such as 53004, 48004, and 45007. 


3. Liquid quenching and drawing (tempering) has 
been demonstrated as able to produce higher yield 
strength at a given hardness than air quenching and 
drawing. A yield tensile strength ratio of 0.80 or more 
is most readily attained at higher hardness in the 
liquid quenched irons. 

4. Maximum elongation is obtained at any hard- 
ness in the low carbon and low silicon irons and in 
the manganese alloyed irons. Quenching manganese 
alloyed irons followed by tempering at any tempera- 
ture to a fully spheroidized structure produces maxi- 
mum elongation in the low carbon and silicon irons. 

5. The grades of pearlitic malleable iron listed in 
ASTM specifications agree very well with the tensile 
yield strength, hardness, and elongation relationships 
reported by these 11 foundries and summarized in 
Figs. 8 and 9. 

Numerous other properties such as modulus of 
elasticity, density, co-efficient of expansion, and elec- 
trical conductivity have been included. 
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DISCUSSION 


Chairman: E. J. StockuM, Dayton Malleable Iron Co., Dayton, 
Ohio. 

F. W. Jacoss! (Written Discussion): The Committee is to be 
complimented on the fine work and comparisons of pearlitic 
properties as presented in both Part I and II of this paper. 

Of interest is the discussion on the stability of the tensile 
strength range regardless of analysis, melting process and anneal 
process so long as the Brinell hardness range is obtained. This 
supports the fact that many foundries sell pearlitic iron to the 
BHN specification of the ASTM standards rather than to speci- 
fied physical properties. 

Equally interesting are the comments on elongation values 
which are noted to be better in cold batch melting with low 
carbon, low silicon irons, and with alloying agents such as 
manganese which allow tempering to obtain spheroidized struc- 
tures. 

In support of the conclusions presented in this paper the 
following data are submitted to offer comparison to a plant 
producing a medium high carbon, low silicon duplex iron. All 
iron is fully malleablized in periodic type ovens. The data 
compare several alloy compositions all given full malleablization 
with subsequent liquid oil quench and draw. 








1. Chief Metallurgist, Malleable Division, Texas Foundries, Inc., Lufkin, 
Texas. 
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Series II (Average Values) 




















Malleable Pig 7% Carbon 2.40 - 2.45 
Silvery Pig 3 Silicon 1.05 - 1.10 
Malleable Scrap 13% Manganese 50 
Silicon Carbide \% Sulfur 15 
Sprue 49 Phosphorous 09 
Steel 39 Chromium 02 
Quench and Draw Treatment 
Quench Oven 1 hr 10 min @ 1520 
Draw Oven 1 hr 10 min @ 1250 
Series I (Average Values) 
Strength PSI 
Alloy Yield Ultimate % Elong BHN 
Base 65000 80000 6.0 197 
1.00 Mn 71000 88000 3.5 241 
.25 Mo 73000 90000 5.0 224 
.25 Mo 50 Cu 70000 87000 4.0 224 
15 Va 72000 89000 4.0 224 


Strength PSI 








Alloy Yield Ultimate —_%, Elong BHN 

Base 63000 81000 8.0 187 
25 Mo 75000 92000 5.5 197 
15Va.l0Ti 70000 87000 5.0 202 





It is seen that all tests meet the ASTM 60003 specification and 
all but one (1.00 Mn) meet the ASTM 53004 specifications. The 
molybdenum alloyed tests produced the most homogeneous 
structure. The vanadium alloyed test indicated slight retention 
of primary carbides from first stage anneal in malleabilizing. 
All structures were troostitic and sorbitic in nature. 

All tests with exception of the base composition in Series II 
had a yield strength ratio of .80 or better thus verifying con- 
clusion by committee regarding properties of liquid quenched 
irons. It can be also noted that elongation values are slightly 
high and in between values obtained with duplexed high silicon 
iron and batch melted low silicon irons. 








EFFECTS OF GEOMETRY ON THE PROPERTIES 
OF GUN-METAL (88-84) CASTINGS 


A PROGRESS REPORT 


By 


W. H. Johnson* 


ABSTRACT 


Tensile strength and elongation were determined at 
various locations in vacuum-degassed and nondegassed 
gun-metal (88-8-4) castings of different thicknesses 
and geometries and were compared with these proper- 
ties obtained from separately-cast test bars. The gun- 
metal castings exhibited pronounced edge-to-center 
effects, with the mechanical properties varying from 
values higher than for the test bars to values consider- 
ably lower. Changes in casting thicknesses had smaller 
effects. Vacuum degassing did not always improve the 
mechanical properties, and in some cases it had a 
deleterious effect. To obtain the utmost in soundness, 
measures such as chilling should be used in conjunction 
with vacuum degassing. 


Like the previous study with 195-T6 and 356-T6 
aluminum alloys, the present study with gun metal 
was aimed at establishing relationships between test- 
bar properties and properties which may be expected 
from castings of different geometries and thicknesses. 1 
It was anticipated that such information would be of 
interest to foundrymen as well as to design engineers 
in that it may indicate preferable foundry processing 
procedures. 


Experimental Procedure 


Tin-bronze alloy, gun metal (88-8-4) was cast into 
the three plates shown in Fig. 1, and into the L, T, 
and X shapes shown in Fig. 2. Each of the six shapes 
was cast in thicknesses of 14, 1, and 2 in. Only one 
of each casting was made, and the procedure used is 
illustrated in the figures. The smallest plate was 4 in. 
wide and 9 in. long. The second plate was enlarged 
by increasing the length to 17 in.; the largest plate 
was maintained at the 17-in. length but increased in 
width to 12 in. Each of the various castings was fed 
with one 4-in.-diameter, 9-in.-high riser with the metal 
gated into the riser. The risers were attached to the 


*Formerly with Metal Processing Branch, Metallurgy Division, 
Naval Research Laboratory; presently with Battelle Memorial 
Institute, Columbus, Ohio. 


Opinions or assertions contained herein are the private ones 
of the author and are not to be construed as official or reflecting 
the views of the Navy Department or the naval service at large 
(Article 1252, Navy Regulations.) . 
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casting edge at the positions indicated in Figs. 1 and 2. 
No chills were used in this investigation. Pouring 
temperature was 2000 F. Both vacuum-degassed and 
nondegassed heats were made. 

The purpose of the increased plate dimensions was 
to determine how mechanical properties within cast- 
ings are affected when the feeding range required of 
a riser is increased, and also to evaluate the influence 
of edge effects, which are known from studies with 
other alloys!.? to influence casting soundness. The 
L, T, and X sections simulate conditions which would 
exist in complicated castings containing section junc- 
tions. Actually, if these shapes were to be made as 
integral parts of castings, better feeding and better 
properties would undoubtedly be obtained with risers 
located at the heavy section between the component 
members, but this cannot always be accomplished 
where such junctions are part of complex castings. 

Standard keel block test-bar castings were poured 
with each heat so that a comparison of the properties 
between the castings and bars could be made. After 
casting, test-bar blanks were machined from the cast- 
ings at locations indicated in Figs. 1 and 2. Standard 
0.505-in.-diameter shoulder-grip specimens were ma- 
chined from the l-in. and 2-in. castings, and 0.357-in.- 
diameter specimens were obtained from the 1,-in. 
castings. 


Results 

Mechanical properties of gun metal are impaired 
because of unsoundness caused by lack of feed metal 
and by gas evolution. Marginal directional solidifi- 
cation and small amounts of evolved gas result in 
formation of fine but rather lengthy voids which 
affect the mechanical properties to a greater extent 
than would be expected on a void volume basis. 
Small voids of this type are formed as the very last 
metal solidifies. Vacuum degassing the metal will im- 
prove mechanical properties only when there is suffi- 
cient directional solidification to prohibit formation 
of voids by a shrinkage mechanism. Sufficient direc- 
tional solidification to accomplish this aim was ob- 
tained in test-bar castings and in edge sections of 
some of plates. 
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Fig. 1 — Plate castings. 
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TABLE I— Test-BAR PROPERTIES OF 


As was reported previously, the effect of vacuum 
Gun METAL (88-8-4) 


degassing is reflected more in the ductility of the 
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metal than in the ultimate strength.4 Average Nondegassed Vacuum-Degassed 
elongation values for separately-cast test-bar castings Tensile Elonga- Tensile Elonga- 
(Table 1) were 31 per cent for nondegassed metal Strength tion Strength tion 
and 52 per cent for degassed metal while the average (psi) (%) (psi) (7) 
tensile strengths were 40,800 psi and 42,500 psi for poe = ‘aus 4 
the nondegassed and degassed metal respectively. For 42,000 34 41.500 51 
sections of some castings having marginal directional 44,100 34 41,800 50 
solidification, the degassing treatment had a delete- 43,000 60 
rious effect on the mechanical properties. The reasons oan 3 
for this reversal have been described previously as 42.800 59 
involving a change to globular void form when a crit- Average 

40,800 $1 42,500 52 


ical amount of gas is present.4 


Fig. 2 — Joined-section castings. 
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Fig. 3 — Tensile strength of gun-metal plate castings. Broken- 
line curves refer to vac deg d castings. 





Plate Castings 

Properties obtained from various locations in hori- 
zontally- cast plates made with nondegassed and 
vacuum-degassed gun-metal bronze are compared in 
Figs. 3 and 4 with the average properties obtained 
from the separately-cast test bars (Table 1). The 
properties obtained from each pair of edge and of 
intermediate locations are shown as averages in the 
figures, because in effect they are duplicate tests and 
the properties were in close agreement. 

Tensile strength of the metal in edge sections of 
plates (Fig. 3) was in most cases equal to and in some 
cases 10,000 psi higher than tensile strength of sep- 
arately-cast bars for both degassed and nondegassed 
metal. Increasing size of plates from 4 x 9 in. to 12 x 
17 in. did not affect the strength of the metal in edge 
sections, but there was a tendency for the strength to 
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Fig. 4— Elongation values of gun-metal plate castings. 
Broken-line curves reter to vacuum-degassed castings. 





GEOMETRY EFFECTS ON GUN-METAL CASTING: 


decrease as the thickness was increased from 14 in 
to 2 in. Vacuum-degassing treatment had no consistent 
effect on tensile strength of the metal in edge sections 

Tensile strength of nondegassed metal in cente: 
sections of plates (Fig. 3) was considerably lowe: 
than in edge sections or in separately-cast test bars 
Tensile strength in center sections were 10,000 tc 
20,000 psi lower than the average tensile strength o/ 
the test bars. Variation of tensile strength from the 
edge to center locations was greater for 4 x 17 in. 
and 12 x 17 in. plates than for 4 x 9 in. plates. De 
gassing the metal generally improved tensile strength 
in center sections. The beneficial effect of the de 
gassing tratment was mostly in the range of 2000 to 
8000 psi, but the degassed metal in the center of the 
4 x 17 in. plate was improved as much as 15,000 psi. 

Elongation values of the metal in various sections 
of plate castings (Fig. 4) were dependent on thickness 
of the casting. Elongation values were lowest for 14- 
in. plates. Elongation values of nondegassed metal in 
edge sections of l-in. and 2-in. plates were generally 
higher than the average elongation value (31 per 
cent) of the nondegassed test bars, with values for 
l-in. plates being higher than for 2-in. plates. Vacuum 
degassing the metal did not improve elongation val- 
ues of the edge section of 14-in. castings, but the edge 
section of 4x9 in. and 4x 17 in. plates 1 in. thick 
had elongation values equal to the average elongation 
(52 per cent) of the degassed test bars. 

Elongation values for center sections were only 
about one-half the values for the edge sections or for 
the test bars. All center sections of the 14-in. plates 
had minimum elongation values below 10 per cent, 
but most values for the 1-in. and 2-in. plates were 
between 15 per cent and 20 per cent. Thus these 
minimum values were more dependent on thickness 
than on length and width. The vacuum-degassing 
treatment improved the elongation values for the 
center sections of all the plates except the 4x9 in. 
plate 14-in. thick, but the highest elongation ob- 
tained, which was for the 4x 17 in. plate 1-in. thick, 
was merely 30 per cent. 


L, T, and X Castings 

Properties obtained from test bars cut from various 
locations in the L, T, and X castings of nondegassed 
and degassed metal are shown in Fig. 5. There was 
no trend in property levels in the members not con- 
nected to the riser, so the values were plotted as an 
average. Except for the edge sections (position | in 
Fig. 5) the locations of the test bars from the L, T, 
and X castings corresponded to the locations of the 
test bars from the center sections of the plate cast- 
ings. The properties reported should then be mini- 
mum values for the various locations. 


The minimum tensile strengths encountered in 
the L, T, and X castings (Fig. 5) were comparable 
to the low tensile strengths in the center sections of 
the plates (Fig. 3). The lowest tensile strengths were 
encountered on the riser side of the junction, posi- 
tions 4 and 5, and were dependent on thickness of 
castings as well as on the number of re-entrant angles 
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at the junction. The lowest tensile strength was at 
the hot spot of the 14-in. X casting (18,000 psi, 
Fig. 5) . 
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Fig. 5 — Tensile-strength and elongation values of gun-metal 
joined-section castings. Broken-line curves refer to vacuum- 
degassed metal castings. 


Minimum tensile strengths in all L and T castings 
and in the l-in. and 2-in. X castings were above 
25,000 psi. The tensile strength for all sections of 
L and T castings decreased about 3000 psi with 
increase in thickness from 14-in. to l-in. and de- 
creased an additional 5000 to 8000 psi with increase 
in thickness from l-in. to 2-in. The reverse was 
true for the casting. Increasing the thickness of the 
X casting increased the tensile strength in most sec- 
tions of the casting, but if the members of the cast- 
ing had been larger, the effect from increasing the 
thickness may have been in the same direction as for 
the L and T castings. 

Vacuum degassing the metal had little effect on 
tensile strengths of various sections of the L, T, and 
X castings (Fig. 5). There was a tendency, however, 
for degassed metal to have lower tensile strength near 
the riser (positions 6 and 7) and higher strength in 
sections not connected to the riser (positions | and 2). 

Elongation values of the metal in various sections 
of the L, T, and X castings followed a pattern close 
to that of the tensile-strength values. Elongation values 
for sections close to the riser and close to the plate 
ends were equal to or greater than the average value 
( 31 per cent) obtained from the test bars of nonde- 
gassed metal. Elongation values as high as 60 per 
cent were attained for nondegassed metal in the sec- 
tions | in. from the riser connection (position 7) . The 
minimum elongation value for L and T castings was 
15 per cent, except for the 2-in. T casting, which 
had a minimum value of 5 per cent. Minimum elonga- 
tion values of the castings were 2 per cent, 10 per 
cent, and 18 per cent for the 14-in., l-in., and 2-in. 
castings respectively. 
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Vacuum degassing did not generally improve the 
ductility of the metal in the L, T, and X castings 
as it did for the center sections of the plate castings 
(Fig. 4). The elongation values of the degassed metal 
in the member between the riser and the junction 
(positions 7, 6, and 5 in Fig. 5) were generally lower 
than values of the nondegassed metal. If the nonde- 
gassed metal had contained a greater amount of gas 
due to improper melting or improper melting stock, 
the degassing treatment might have caused a greater 
change in the ductility of the metal in the L, T and 
X castings. 


Conclusions 


The mechanical properties in various sections of 
plates and of L, T, and X castings of gun-metal 
bronze can vary over a wide range. The mechanical 
properties from edge to center sections of plates and 
edge to hot-spot sections of L, T and X castings can 
vary from values higher than those obtained from 
separately-cast test bars to values considerably lower 
than those from separately cast test bars. Greater 
variation of the mechanical properties were found in 
various sections of 14-in. castings than in 1- or 2-in. 
thick castings. Vacuum degassing the metal did not 
always improve mechanical properties and in some 
cases it had a deleterious effect. 


To obtain properties in all sections of a casting 
equivalent to or greater than the properties obtained 
in a separately-cast test bar, custom gating and riser- 
ing for each casting will have to be used, with the 
aid of chills if necessary, to attain proper directional 
solidification. 
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DISCUSSION 


Chairman: W. H. Baer, Bureau of Ships, Navy Dept., Wash- 
ington. D.C. 

W. W. Eprns! (Written Discussion): This paper very ably 
demonstrates the effects of geometry on the properties of gun 
metal (88-8-4) castings. Mr. Johnson is to be complimented on 
the quality of the work, and particularly on the excellent form 
of data presentation. 

As indicated in the conclusion of the paper, inadequate gating 
and risering is held accountable for the poor mechanical prop- 
erties in some sections of the test castings. Also, it is observed 
that castings poured with vacuum degassed metal did not always 
show improved mechanical properties. 

In fact, in some cases vacuum degassed metal had a deleterious 
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effect. After reading this paper I could not resist the temptation 
to amplify the conclusions of this paper in terms of some per- 
sonal observations. 

I have had the feeling that we place too much emphasis on 
the subject of gas content in brass and bronze. It is an important 
subject, but perhaps we have created some bogymen that scare 
practical foundrymen unnecessarily. We are sometimes led to 
believe that gas in the metal is the primary cause of defective 
castings, and that all scrap should be charged to the melting 
department. This, of course, is not the case. This paper is one 
of the first in recent years to re-establish the virtues of adequate 
gating and risering for casting soundness and pressure tightness. 

We make pump castings of G-bronze, particularly for the 
Navy. The only way we can get successful pressure tight castings 
in this alloy we have found is by the liberal, but intelligent, 
use of chills. In fact, in some cases the total weight of the chills 
in the mold approaches the weight of the casting. 

Incidentally, Mr. Johnson is well aware of the value of chills 
since he was the co-author of a good paper on this subject about 
three years ago. 

All molten bronze in a sand mold contains gas. This includes 
Vacuum degassed metal which can readily pick up gas from 
the mold. We have never had, never can have, nor do we want, 
a completely gas-free metal in normal sand casting practice. We 
know that when molten bronze cools it begins to release some 
of its gas content, and continues to do so until it is solid. 

After solidification the metal itself is nearly gas free, although 
gas containing voids can be present. In fact, one of the best ways 
to remove excess gas from molten bronze is to let it solidify. 

In other words, nature is on our side if we only let it work 
for us. We can get rid of this ever present gas if we will 
recognize the freezing mechanism of this type of alloy. 

It is not eneugh to provide simple directional solidification 
in the ordinary sense. This is adequate in alloys such as 
aluminum bronze and manganese bronze which solidify rapidly 
over a short range of temperature. 

In the high tin bronzes, such as gun metal, it is mecessary 
to have directional solidification. It is also necessary to ex- 
ceed certain minimum temperature gradients, over short vertical 
distances, in all parts of the casting. This is clearly brought out 
in this paper by a comparison of the properties as determined 
on the three different-sized plates. The relative rate of cooling 
is the important factor. 

Picture, if you will, a mold cavity 214-in. in diameter and 
15 in. deep; topped by a riser cavity 4 in. in diameter arid 
6 in. deep. If this mold cavity is filled with molten gun metal 
through a bottom gate a porous casting will result. 

Picture what takes place in this stick casting. As the metal 
cools it will start to give up its gas. At the same time the 
metal begins to lose fluidity and becomes slushy. A network of 
needlelike crystals begins to form. 

While these crystals are forming the metal volume decreases, 
and gas continues to come out of solution. Feed metal tries to 
come down from above to satisfy the shrinkage requirements, 
but is opposed by the gas that fills the shrinkage voids. Under 
extreme conditions this results in metal backing up in the riser 
or being spewed out of the riser. 

Under less extreme conditions when the gas pressure is not 
high enough to overcome the weight of molten metal above 
it, no metal is spewed out but the casting has a continuous 
network of porosity. It is possible for some small amount of 
feeding to take place, but some porosity will remain. 

In all cases there is a continuous interdendritic porosity that 
causes leakers. In its extreme form it resembles the typical 
center line type of shrink. 

A greater degree of directional solidification can be achieved 
by top gating this hypothetical casting. However, if the metal 
is poured very rapidly, similar conditions exist and a slightly 
lesser amount but similar porosity will result. If the metal is 
poured very slow a sound casting can be made. 

We can tolerate a reasonable normal amount of gas in molten 
bronze if proper cooling differentials can be maintained. In fact, 
the amount of gas in the molten bronze can vary widely with- 
out serious consequences depending upon the geometry of the 
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casting and the method of gating. This gas wants to get out, 
in fact, it has to get out of the metal. Our job is to make this 
possible. 

Sometime ago we needed some gun metal plates 6 in. X 12 in. 
X 1y-in. thick. The first castings were made with the plate 
in the flat position like those shown in this paper. Transverse 
tensile bars cut along the 6 in. length through the middle of 
the plate showed tensile properties of 30,000 - 35,000 psi, and 
elongation values of 15-25 percent with interdendritic porosity 
clearly visible in the fracture. 

The plates were then molded on edge, and 114-in. was added 
to the 6 in. height to serve as a riser. The plates were poured 
from the top through a pouring cup with a single hole in the 
bottom of the cup. Optimum properties of 50,000 - 55,000 psi 
tensile with 45-60 percent elongation were achieved when the 
pouring cup had a single hole opening, either 14-in. or 3%%-in. 
diameter. 

A smaller gate caused cold shuts, and larger gates resulted in 
a marked decrease in properties. With this optimum gate size 
we achieved the maximum temperature differential in the cast- 
ing in the vertical plane. Our gas was squeezed out and the 
feed metal was effective. This happy result is only possible 
when proper temperature differentials are achieved through a 
short vertical distance in the casting. 

This paper shows that the mechanical properties of material 
cut from the edge of the plates, and corresponding favorable 
locations of the L. T, and X bars, are higher than those of 
separately cast test bars. This is perfectly normal because in all 
probability the rate of solidification, in the presence of adequate 
feed metal, was higher in these locations than through the test 
bar casting. 

It was only possible to achieve this desirable temperature 
gradient for some little distance around the periphery of the 
plate. Beyond this point, toward the center of the plate, the 
properties faded badly. Larger risers would not have improved 
the situation. 

When a plate of this type is cast on end with top gating a 
good quality can be achieved if the proper pouring rate is 
used. This rate is a function of the cross section of the casting 
in a horizontal plane in the molded position. 

In other words, the metal should rise in the mold at a slow 
enough rate to achieve a maximum temperature differential in 
a short vertical distance. Solidification must follow relatively 
close behind the liquid surface of the metal. If the casting can- 
not be top gated, a properly designed step gate that will simu- 
late top gating should be used. Properly placed chills can be 
most valuable. 

High temperature gradients, in the vertical plane, effectively 
narrows the slushy range of these tin bronze alloys. The gas 
is forceably pushed ahead of the solidification front and the 
metal immediately above has the necessary fluidity to let the 
gas get out. 

Ordinary concepts of directional solidification are not good 
enough. There must be a real drive that can only be main- 
tained by a wide temperature differential. This can best be 
accomplished by a suitable pouring rate aided by chills as 
needed. Pouring temperature is another, although less, critical 
factor. 

This paper helps to point out the virtues of high temperature 
gradients to produce superior mechanical properties with either 
vacuum degassed or normally treated metal. Gas in these bronze 
alloys can be a problem only when present in considerable 
excess. It is not the bogyman problem we have tried to make it: 
Proper attention to design, gating, and particularly the rate of 
pouring is fully as important as the inevitable gas content that 
is always present in molten tin bronze alloys. 

I hope I have not taken undue liberties in offering a written 
discussion of this length. It was done with the hope that the 
observations expressed here would be of practical help to people 
pouring these alloys. 


1. Supervisor of Melting Metallurgy Section, Research Laboratories, 
Allis-Chalmers Manufacturing Co. 








INFLUENCE OF VARIOUS BONDING MATERIALS ON 
STRESS-STRAIN CHARACTERISTICS OF BONDED SANDS 


F. Quigley,* P. J. Ahearn,* and J. F. 


ABSTRACT 


Tension, compression, and bend specimens of silica 
sand bonded with sodium silicate (both COo-gassed and 
dried), phenolic resin, and core oil were tested in the 
baked or cured condition. These tests were run under 
closely controlled conditions with strain gages affixed 
to the specimens in order to obtain stress-strain infor- 
mation. The results indicated that the bonded sands 
were, generally, both elastic and brittle in nature. The 
modulus of elasticity is similar for all sands bonded 
with these materials in both compression and tension 
and is approximately 7 x 10° psi at room temperature. 


Introduction 


While the foundry literature contains many articles 
on sand testing and the performance of bonded sands 
under various test and service conditions, little data 
are available on the accurate stress-strain behavior of 
bonded sand under load. This information is valuable 
for interpreting the results of tests, designing pre- 
cision tests, and predicting the performance of bonded 
sands in molds. This investigation was undertaken to 
provide these accurate stress-strain data at room tem- 
perature for baked, dried, or cured sand specimens 
bonded with sodium silicate (both CO,-gassed and 
dried), phenolic resin and core oil. Specifically, the fol- 
lowing information was desired: 


1. Are these bonded sands truly elastic under load? 

2. What variations exist in the moduli of elasticity 
of the various types of bonds? 

3. Are the sands brittle, or does plastic deformation 
occur before fracture? 


Procedure 
The sand mixtures employed a sub-angular, washed, 
dried, and screened silica sand of 120 AFS grain fine- 
ness number as the principal constituent. The bonding 
agents, additional ingredients, and baking or curing 
cycles are contained in Table 1. 


*Metallurgists, Rodman Laboratory, Watertown Arsenal, Water- 
town, Mass. 

**Associate Professor of Metallurgical Engineering, Case Insti- 
tute of Technology, Cleveland. 


This work has been cleared for publication by the Ordnance 
Corps, Department of the Army. 
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TABLE | 





Type Mixture 


Bond and Additions 


Curing Cycle 





Sodium Silicate, 
COp.-gassed 


Sodium Silicate, 
dried 


6%, sodium silicate 
52 Baumé 


6%, sodium silicate 
52 Baumé 


Gassed with CO» 
15 sec at 20 psi 


Baked at 700 F 
for 20 min 


Resin-bonded 5% phenolic resin Invest at 250 F on plate; 
dry cured 25 min at 450 F 
Core oil-bonded 2.00% heavy coreoil Baked at 450 F 
85%, cereal for | hr 


.23% wood flour 
5.60%, water 





Only one batch of sand was mulled for all tests of 
each mixture. The baking or curing was performed 
in a small recirculating oven with accurate tempera- 
ture control. 

The tensile test specimens were a non-standard, re- 
vised type recently developed.! All tensile specimens 
were rammed three times before curing. The trans- 
verse bend and compression tests were made to stand- 
ard dimensions by the established procedure,? except 





Fig. 1 — Stress and strain test equipment with Instron uni- 
versal testing machine, two Brush amplifiers, and a 2-channel 
recorder. 
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Fig. 2— Close up of bend test utilizing 5-in. radius plastic 
loading head and %-in. roller supports. 


that the hot compression specimen was used for the 
resin-bonded tests and the usual compression speci- 
men for the other materials. It was necessary to employ 
the smaller specimen for the resin-bonded material in 
order to obtain uniform curing conditions across the 
section of the coupon. 


All specimens were tested in a 5000-lb capacity 
Instron universal testing machine. The arrangement 
of the machine and strain-recording equipment with 
a tensile test located in the cross head for testing is 
shown in Fig. 1. The bend specimens were tested by 
utilizing the special fixtures demonstrated in Fig. 2. 
The centrally located, upper loading point on this 
machine is plastic, machined to a 5-in. radius as de- 
scribed in previous work.! The lower supports are 
Y4-in. diameter steel rollers. The compression speci- 
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mens were inserted between the crossheads of the ma- 
chine and tested in the normal manner. 

The stress-strain data were measured by means of 
suitable strain gages, wheatstone bridge, and ampli- 
fying and recording equipment, as shown in Fig. 1. 
Stress was determined from tension and compression 
load cells located as required on the test fixtures; 
strain was measured with SR-4, A-7 resistance strain 
gages fastened to the sand specimen. The strain was 
recorded continuously until fracture of the specimen, 
while the load was increased in increments and the 
strain record marked for each increment. Strain gages 
were attached to the surfaces of the sand specimens by 
a special procedure employing plastic cement. Two 
strain gages were employed on both the tensile and 
compression specimens but only one on the bend test. 
The gages were located on each flat side of the tensile 
tests, on the sides (180 degrees apart) of the cylindri- 
cal compression specimens, and on the _ tension- 
stressed side of the bend specimens demonstrated in 
Fig. 3. 





Fig. 3 — Specimens showing strain gages attached. 


When two tests were employed, an arithmetical av- 
erage value was used for the strain measurement. Ten- 
sile, compression, and bend specimens were tested 
with attached strain gages and stress-strain data ob- 
tained for all four types of bonded sand. 
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Results It is noted that the modulus of elasticity of the 
The stress-strain curves for each type of bonded sand bonded with the various materials varies only 
sand specimens are shown in Figs. 4, 5, 6 and 7. Ex- 42 per cent for the entire group of tests of all ma- 
amination of the graphs clearly indicates the similarity terials. This similarity in modulus of elasticity is fre- 
of the modulus of elasticity of the materials in com- quently not observed in non-homogeneous material, 
pression, tension, and bending. The moduli of elas- and the éstablishment of this fact aids in interpreting 
ticity values obtained from the graph for various ma- sand test results such as interpreting tensile strength 
terials under these different types of stress are shown from transverse bend tests. As would be anticipated, 
in Table 2. however, the existence of the voids in the bonded 
TABLE 2 sands causes the ultimate strength to be considerably 
Modulus of Elasticity, psi higher in compression than in either tension or 
Type of Bond Compression Tension Bend bending. Z 5 a 
CO.s-gassed sodium silicate 8 xl 7 x1® #9 x108 Performance of all materials under load indicates 
Dried sodium silicate 9 x1 75x10 625x105 that these bonded sands are usually both elastic and 
Resin bonded 52x10 84x10 7 x 105 brittle. Several specimens were stressed to just below 
Co samen oo See ee ae the ultimate strength and then the load was removed. 
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In all cases the material returned to its original un- 
stressed state (zero stress and strain) and, upon re- 
application of the load, the new stress-strain curve 
coincided with the previous plot. Some variation 
from straight line stress-strain behavior was observed 
in the compression specimens at high stress just before 
fracture. This variation is attributed to small local- 
ized failure in parts of the compression specimen. 
The brittle nature of the fractures of the specimens 
tested is demonstrated in Fig. 8. The plastic cement 
apparently strengthened the bonded sand to some ex- 
tent, and the fracture did not usually occur where 
these gages were applied. The compressive strength 
for these sands bonded with sodium silicate and core 
oil is approximately eight times the tensile strength. 
This value is in agreement with the theoretical dif- 
ference between the tensile and compressive strength 
of brittle materials reported by Orowan® in his anal- 
ysis of the problem for isotropic materials. This re- 
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Fig. 8 — Specimens showing type and location of fracture. 





lationship is shown approximately for cast iron and 
many rocks. The lower ratio of the compressive to 
tensile strength of the dry resin-bonded materials is 
probably attributable to the polygranular nature of 
this bonding material with sand.4 


Summary 


Results of this investigation generally agree well, 
and permit the following conclusions for cured or 
baked sand specimens bonded with sodium silicate, 
resin, or core oil: 

1. The bonded sand is, generally, both elastic and 
brittle in nature, with little evidence of plastic, vis- 
cous, or non-uniform behavior under stress at room 
temperature. 

2. The modulus of elasticity is similar for all these 
bonded sands in both compression and tension and 
is approximately 7x 105 psi at room temperature. 
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PRACTICAL STUDIES OF VEINING TENDENCIES 


By 


George Di Sylvestro* 


ABSTRACT 


Core sand mixtures were subjected to actual casting 
conditions through a symmetrical sand test casting 
design. Core mixtures were made by proportioning and 
varying the constituents and procedures. 

The test casting exhibited extreme sensitivity to 
minor variations in the core mix. 

The following factors promote or affect veining in 

steel castings: 1) increased gas evolution, 2) variations 
in raw materials, 3) coarser sand, 4) insufficient vent- 
ing, 5) insufficient baking, and 6) silica flour addi- 
tions. 
The veining defect may be improved by the use of a 
test casting as a standard for comparison, quality con- 
trol of raw materials, and use of-finer sand, iron oxide, 
bentonite, fire clay, and core binders with a low gas 
content and rate of evolution. 


Purpose 
The purpose of this investigation was to explore 
the reasons for inconsistency in veining of large cast- 
ings with severe core applications, to reduce pene- 
tration and amount of zircon sand used with no 
change in quality, and to reduce cleaning operations. 


Importance 


A vein is associated with excessive thermal move- 
ment of sand, especially in core sands. Removal of 
veining from a casting, regardless of the degree, will 
eliminate one more cleaning operation. This is one 
objective of any foundry. Although a vein may be 
removed, it is mostly found in the inaccessible places. 
Bleeding metal from these places often creates the 
start of a crack, which results in service failure. 

We previously used fire clay when severe veining 
was encountered (Fig. 1). Fire clay accomplished 
its purpose until inconsistency from one shipment 
to another proved it unreliable. 

To facilitate the production of these cores with 
the least interruption in production, Australian zir- 
con was used successfully for a time. This was shown 
to be contaminated with oil as received. The increase 
in cost using this material with the inconsistency de- 
served an explanation and an appraisal of its merits. 


Apparatus and Techniques 


A symmetrical sand test casting was used for the 
test (Fig. 2), because this design accommodates 


*Supervisor of Sand Control, Burnside Steel Foundry Co., Chi- 
cago, Iil. 
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four standard test inserts surrounded by one in. of 
metal. section. There are four re-entrant angles 


around the four sides of a 9 in. diameter plate. 
Poured down a centrally located riser head, with 
molded neck for a gate orifice, allows maximum ef- 
ficiency of feed metal. This arrangement also pro- 
vides a closed mold for the study of veining, spalling, 
gas, and slag. 





Fig. 1 — Inconsistency of fire clay and zircon sand. 


Fig. 2 — Diagram 
and test casting di- 
mensions. 
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Figure 3 shows the molds used. They were made 
in a core mold to reduce the variables that molding 
sand may produce. Automatic controlled sand blast- 
ing of the casting was followed. 


Observed Data 


Effect of Core Binders and Sand 

The standard base sand used is shown in Fig. 4 
at x40. It is from the Portage Wisconsin District 
No. 410, and has less than 0.5 per cent clay. It has 
a four and one-half screen distribution, subangular 
grain shape, and a 58 AFS fineness number. With 
this sand liquid phenolic resin showed excellent com- 
patibility with all types of binders, refractories, and 
additives. It was used for the primary binder. The 
cereal additions remained constant at 1.0 per cent, 
except for the tests on cereal. 

The results shown in Fig. 5 are for the test casting 
core inserts on the drag side at x2. No veining ap- 
peared with 0.2 per cent liquid resin as the binder 
while the cereal was kept constant at 1.0 per cent. 

At 0.4 per cent liquid resin, veining appeared. In- 
creasing tendency to vein was noticed at 0.6 per cent 
liquid resin. The result of 0.8 per cent addition 
shows that this type of defect can seriously increase 
cleaning costs. At 1.0 per cent liquid resin (Fig. 6), 
veining encompassed the specimen. 

As shown in Fig. 7, veining was affected at 0.5 
per cent liquid resin. Liquid resin content was held 
constant, and the cereal was increased to 0.5, 1.0, 1.5, 
and 2.0 per cent. 
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Fig. 4— Macrophoto #410 Portage Sand 40X. 


Fig. 5 — Composite photo—effect of liquid resin. K2-0.2, K4-0.4, K6-0.6, and K8-0.8 per cent with one per cent cereal. 
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Veining started at 0.5 per cent cereal (Fig. 8). It 
progressed to moderate at 1.0 per cent, and at 1.5 
per cent became very bad. The insert was completely 
veined at 2.0 per cent cereal. 


Core oil brand “A” was studied for the effect of 
binders (Fig. 9). The addition of 1.0 per cent cereal 
remained constant. The amount of core oil varied 
from 0.5, 1.0, 1.5, and 2.0 per cent. Core oil con- 
tributed to increased veining with increased addi- 


tions. 


Fig. 6 — Ettect of liquid resin one per cent resin and one per 
cent cereal. 
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All insert cores were baked 2 hr at 425F in a 
laboratory oven except for those which were used 
to study the baking effect. 


When our present core oil was used at 0.5 per 
cent, while keeping cereal at 1.0 per cent, no vein- 
ing showed (Fig. 10). Moderate veining appeared 
when one per cent addition was made. One and one- 
half per cent core oil addition shows veining in- 
creased beyond the point encompassing the specimen 
horizontally near the cope surface. Vertically, veins 


Fig. 8 — Composite photos of cereal — 5K5-0.5, 1K5-1.0, 15K5-1.5, and 2K5-2.0 per cent with 0.5 per cent liquid resin. 





began to appear. This condition was more prominent 
at 2.0 per cent addition. 

A dry core binder was used to complete the study 
of the effect of binders used (Fig. 11). This binder 
displayed a minimum of veining of production cast- 
ings. No veining occurred on the test casting at 4.0 
per cent dry binder. Veining is resisted when dry 
binder is increased to 5.0 per cent, but at 6.0 per 
cent the veins appeared. 

The macroscope revealed what the dry binder had 
to enable it to produce vein-free surfaces. The dry 
binder has three identified constituents; brown, 
white, and gray material. These are identified as: 


Brown—The binder. A dry pulverized thermoplastic 
resin which imparts tensile strength. It is ther- 
mosetting at low temperature. 

White—A cereal. It imparts green strength, collapsi- 
bility, and has air-setting properties. 

Gray—Fire clay. This provides the high temperature 
properties, and imparts hot deformation. It car- 
ries the core through the range after the other 
constituents have burnt out. This binder has a 
balance which covers a variety of casting condi- 
tions. 


To determine dry binder effects and study the 
base mix thoroughly, vary the grain size and dis- 
tribution of the base sand. 

Figure 12 shows coarse Portage sand with a 35 
AFS fineness number, or 64 grams/cc relative surface 
area. Core surface voids can be measured with a 
micrometer scale superimposed in the macroscope 
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tube, graduated in thousandths of an inch. Thes« 
surface voids are important in veining and pene 
tration. 

Using a Portage base sand with a 53 AFS finenes 
number, or 126 grams/sq cm relative surface area 
smaller voids appeared in the mix surface. 

Our standard sand has an AFS 58 fineness num- 
ber, and 146 grams per sq cm relative surface area 
It is a great improvement in reduction of voids with 
no other constituents in the mix. 

Voids have been reduced extensively with a 98 
AFS fineness or 240 grams/sq cm. 


Fig. 9 — Test casting showing—effect of core oil—Brand A. 


Fig. 10 — Composite photos of core oil — Brand A J5-0.5, J1-1.0, J15-1.5, and J2-2.0 per cent with one per cent cereal. 
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Fig. 11 — Composite photos—effect of dry binder—14-4.0, 15-5.0, and 16-6.0 per cent with 1.0 per cent cereal. 


Fig. 12— Composite macrophotos of core sand surfaces 40X — AFS upper lett-35, upper right-53, lower left-58 and lower 
right-90 fineness number. 0.5 per cent oil, 1.0 per cent cereal. 











Fig. 13 — Composite photos—effect of sand, surface of casting inserts not blasted. 0.5 per cent oil, 1.0 per cent cereal. 
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Fig. 15 — Two inserts not blasted—effect of venting 1 and 
5 vents. Fig. 16 — Two inserts not blasted — two and three vents. 


Fig. 17 — Composite photos—etfect of venting FOV-0, F1V-one, F3V-three, and F5V-five vents. Same mix. 
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Fig. 18 — Two inserts not blasted—effect of baking 15 and 
90 minutes. Fig. 19 — Two inserts 


Fig. 20 — Composite photos—etfect of baking 15B-15, 30B-30, 60B-60, and 90B-90 minutes. Same mix. 


Fig. 21 — Four inserts not blasted, two green sand vs. two Fig. 22 — Four inserts not blasted—effect of refractory—no 
dry sand cores. silica flour vs. 10 per cent silica flour. 
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Four cores made with 0.5 per cent core oil and one 
per cent cereal were inserted in the test casting 
(Fig. 13). Expansion cracks were produced in all 
cases before blasting. The sand with the largest voids 
had the greatest metal penetration. 

Blasting the casting (Fig. 14) revealed that even 
though all the inserts showed expansion cracks, only 
the coarser of the two sands produced veins. The 
surface finish showed a marked effect as the voids 
diminished. 


Effect of Procedures 

It may be important to study the effect of pro- 
cedure variations which may affect veining (Fig. 15). 
A casting was made with a mix which produced a 
known degree of veining. The drag side of the cast- 
ing (not blasted), with one vent and five vents in 
the core, revealed that heat transfer had been af- 
fected by more burnout of the binder, and that more 
gas was removed in a shorter time as venting 
increased. 

Figure 16 shows the other half of the casting with 
two and three vents. The same trend prevails. 

After sand blasting (Fig. 17), the casting showed 
a moderate amount of veining with no vents in the 
core. One vent brought an improvement with a de- 
crease of the fin. The veins began to disappear with 
three vents. When there were five vents, the defect 
almost vanished. 

Baking is another procedure variable to be ob- 
served (Fig. 18). Four variations in the same mold 
were used, and the core inserts examined before 
blasting. Baking times of 15 min and 90 min showed 
a noticeable difference in the amount of binder 
burn out. 

Figure 19 shows the same trend revealed in the 
casting in which cores baked at 30 min and 60 min 
were placed. 

Figure 20 shows the effect of underbaking a core 
mixture which does not vein under standard condi- 
tions. Veining is apparent at 15-min baking. At 30 
min, the veins begin to disappear, and at 60 min, the 
defect is hardly noticeable. The surface becomes free 
from all veins when we approach the peak strength 
and maximum baking time. 


Effect of Refractory 

This test design is extremely sensitive so we may 
observe heat transfer affected by moisture or the 
increase of refractoriness. (Fig. 21) Two non-blasted 
green sand inserts with no silica flour (top, Fig. 21) 
provide a very effective chill at the surface. The 
heat does not burn out the binder to the center of 
the cores. The binders in the dry sand cores with 
no silica flour (bottom, Fig. 21) are completely 
burnt out. 

Duplicate results (Fig. 22) are obtained by vary- 
ing the amount of silica flour in a dry sand core. 
The top two specimens show the effect of no silica 
flour, while the bottom two show a 10 per cent 
addition. 

The effect of density or refractoriness can be eval- 
uated when the silica flour is increased from 10 


STUDIES IN VEINING TENDENCIES 


per cent (Fig. 23, top) to 20 per cent (Fig. 23 
bottom). 

Figure 24 shows closing of the voids with silica 
flour in the mix, using one per cent cereal and on¢ 
per cent liquid resin. Five per cent silica flour did 
not increase the veining tendencies in our standarc 
base sand. At 10 per cent silica flour the defect did 
not increase noticeably. Veining seemed affected 
when a 15 per cent addition was made. The degree 
of veining increased when silica flour was increased 
to 20 per cent. 

Adding 25 per cent silica flour (Fig. 25) brought 
an improvement in surface finish which was desir- 
able, except for veining. This addition gave a high 
degree of finish which showed us the extent of ef- 
fectiveness of other additives. This became our 
standard for surface finish, and we compared it with 
zircon sand mix with 25 per cent zircon flour (Fig. 26). 
No veins were produced. 

We set out to produce the 25 per cent silica flour 
surface finish with the vein-free surface of the zircon 
mix. 

Checking to see if this was the result of low ex- 
pansion refractory, olivine flour was used (Fig. 27) 
in our standard mix. Veining was not present. A 
burn-on condition appeared as we increased to 15 
per cent. When 20 per cent olivine flour was added 
fusion to the metal occured. Up to Y-in. became 
fused at the 25 per cent addition. This condition was 
verified when we tested olivine flour in facing sand 
mixtures. 


Effect of Additive 

An attempt was made to reduce veining with an 
additive (Fig. 28). The standard severe veining mix- 
ture from the preceding research (1.0 per cent ce- 
real) was used. One per cent liquid resin, 25 per cent 
silica flour, and formulated iron oxide compound 
was also tried. At 1.5 per cent of the iron oxide 
compound there was very little improvement in the 
vein. The vein disappeared, but the surface finish 
was irregular when 3.0 per cent of the compound 





Fig. 23 — Four inserts not blasted — 10 per cent silica flour 
vs. 20 per cent silica flour. 
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iron oxide was used. Surfaces equal to those of the 
zircon mix appeared with 85 per cent purity, finely 
ground commercial iron oxide, brand “A”, at 1.5 
per cent. 

To prove our results the chemistry of iron oxide 
was questioned. Veining reappeared when 1-14 per 
cent of chemically pure Fe,O, was used. Chemically 
pure iron oxide Fe,O, at 1.5 per cent was added to 
confirm the theory that purity and fineness may be 
necessary. 

Then we tested another brand “B” of high purity 
finely ground commercial iron oxide in which the 
loss of ignition was slightly higher than brand “A”. 
It showed nearly equal results. 
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Our production veining additive was studied. Il- 
linois fire clay flour (Fig. 30) at 1.5 per cent addi- 
tion revealed why we did not get benefits in produc- 
tion cores, as porosity appeared. At 3.0 per cent 
Illinois fire clay veining diminished, but porosity in- 
creased. Changing to 1.5 per cent Ohio fire clay, a 
fatter clay, veining almost vanished and no porosity 
was seen. Three per cent Ohio fire clay produced 
an acceptable surface with no sign of veining or 
porosity. 

One and one-half per cent western. granular ben- 
tonite was added since clays have shown vein-re- 
sistant tendencies (Fig. 31). Increasing the bentonite 


of silica flour—A5-five, A10-10, A15-15, and A20-20 per cent. 


Fig. 25 — Effect of silica flour—25 per cent silica flour, one 
per cent liquid resin, one per cent cereal and 73 per cent 
silica sand (standard mixture). 


Fig. 26 — Effect of zircon sand — 25 per cent zircon flour, 
one per cent liquid resin, one per cent cereal and 73 per cent 
zircon sand (standard finish for comparison). 
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Fig 28 — Composite photos—effect of iron oxide compound (F,G) vs. commercial grade “Brand A” (M) in standard mix (Z) 
(25 per cent silica flour, 1.0 per cent liquid resin and 1.0 per cent cereal = standard mix). 
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Fig. 29 — Composite photos—effect of iron oxide chemically pure (P-Fe2 Os, N-Fe3 O14) vs. commercial grade “Brand B” (L) in 
standard mix (Z). 


Fig. 30 — Composite photos—etfect of fire clay Illinois (B-1.5 per cent C-3.0 per cent) vs. Ohio clay (T-1.5 per cent, T1-3.0 
2 per cent) 
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Fig. 31 — Composite photos—etfect of Bentonite—Western (D-1.5 per cent, 
Z-standard. 
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Fig. 32 — Composite photos—ettect of additive variations. Q-0.5 per cent bentonite, R-0.5 per cent fire clay, O-1.5 per cent 
rare earth oxide, Y-1.0 per cent bentonite with 0.5 per cent dextrine—1.5 per cent iron oxide compound. 





Fig. 34 — Composite photos—ettect of sodium silicate, S2-0.2, S3-0.3, S4-0.4, and S-0.5 per cent. 50 Baume, 14.7 Na2O, 29.4 
SiOz, 55.8 per cent H2O. 
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Fig. 35— Test castings and pattern 
equipment. 


Fig. 37 — Examples of production castings before (left) and after (right) research. 








—— 
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to 3.0 per cent did not detract from the results; how- 
ever, the core could not be handled easily. One and 
one-half per cent southern bentonite flour resisted 
veining, but porosity appeared. This was not con- 
firmed as only one test was made. 


An attempt was made to vary more than one 
additive in the mix (Fig. 32). Iron oxide compound 
did not solve veining at 1.5 per cent. Adding 0.5 
per cent bentonite proved to be acceptable. The sub- 
stitution of 0.5 per cent Illinois fire clay was also 
acceptable. A low-cost rare-earth oxide was tested, 
but proved to be of no value. The core became hard, 
but veins reappeared with a one per cent bentonite 
addition with 0.5 per cent dextrine. 


If expansion is the sole cause of veining, then 
wood flour should help. Figure 33 shows that with 
0.5 per cent wood flour there is no decrease. Increas- 
ing the wood flour to 1.0 per cent showed some 
effect on the vein. The vein was slightly reduced at 
1.5 per cent wood flour. When the addition was 
raised to 2.0 per cent, veining began to disappear. 


The most effective additive tested was sodium 
silicate at 50 deg Baumé (Fig. 34). The defect was 
reduced at a 0.2 per cent addition. As little as 0.3 
addition per cent showed a reduction in veining. The 
veining almost vanished with 0.4 per cent sodium 
silicate, and was eliminated at 0.5 per cent addition. 
This mix was very brittle and seemed to break down 
after 48 hrs standing. 


Conclusions 


The test casting shown in Fig. 35 has an excep- 
tional sensitivity to veining. Repeated tests proved 
the design valid for this type of defect occurring in 
our practice. Producing casting results instead of test 
data reduces the possibility of misinterpreting physi- 
cal and chemical properties. Subjecting large enough 
laboratory controlled sand specimens to identical cast- 
ing conditions provides the best comparison with the 
minimum amount of tests. 


Variations in quality of raw materials forced us to 
use microscopic inspection. At 40 magnifications 
asphaltic type materials in adulterated iron oxide 
were shown to produce gas and decrease vein- 
reducing efficiency. A higher purity commercial 
grade iron oxide at a reduced cost allowed us to 
decrease the addition and reduce zircon sand con- 
sumption. 


Fire-clay inconsistencies with foreign materials de- 
tected on the 40-mesh screen led us to wash the 
material to remove the fire clay. Coal remained. It 
burned under a Bunsen. burner, leaving ash. Com- 
bustible materials are undesirable in decreasing 
veining. Fire clay from another district not only had 
a lower loss in ignition but solved veining with a 
minimum addition. 


Oil contamination in Australian zircon sand can 
sometimes be detected by the discoloration of grains 
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seen under the microscope. Washing in water con- 
firms oil presence. Oil-coated grains detract from 
mixing, coating clay, or other binder films that pro- 
vide hot deformation. Florida zircon sand is much 
cleaner and free from variations which occurred in 
mixing and veining. 


Standards can easily be set and incorporated in 
quality control procedures using simple low-cost 
tools (Fig. 36). Visual examination of incoming 
materials can eliminate variations in veining. 


As organic core binders are increased, veining is 
increased. This is probably due to high strengths and 
difficulties of escape of generated gas. Finer sands 
are an advantage in decreasing veins because sinter- 
ing is increased, expansion cracks are finer, and voids 
are smaller, necessitating high fluidity metal to pene- 
trate the cracks. 


Specific surface area increases with finer sands, 
producing thinner binder film with the same amount 
of bond. Venting will remove gases and dissipate 
heat. This will help reduce veins as does baking to 
peak tensile. 


Additions of silica flour increase strengths and ex- 
pansion, as they insulate and reduce permeability. 
Volatile gases have more difficulty escaping. In their 
effort to escape they crack the sand and may produce 
veins. 


Metal would not bleed into the sand if some addi- 
tive would permit hot deformation of the sand at 
the temperature at which the vein occurs. If the 
additive would extract heat, the metal would set up a 
skin and would not be liquid at the time the sand 
cracks. The ultimate of this additive would be if it 
evolves a minimum amount of gas during casting. 
Gas generated at fast rates expands approximately 
16 times, usually causing the sand to crack. 


For a specific design steel casting where veining 
is encountered, the choice of an additive or combina- 
tion of additives which fulfill qualifications will 
eliminate or reduce it. The most direct approach to 
eliminate veining is through the constituents of the 
core mixture (Fig. 37). 


Our research has reduced the amount of zircon 
sand used. At about $4.25 per test casting, the cost 
was paid for in a few weeks using the substitute mix 
based on test conclusions. 


Although the castings were made in grade “B” 
steel, it is believed the technique can be adapted 
for other metals. 
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APPENDIX 
TABLE 1 — EXAMPLE OF SPECIFIC SURFACING AREA TABLE 3— PERCENT Loss ON IGNITION OF Raw 
CALCULATIONS. SAMPLE — PoRTAGE 410 BURNSIDE MATERIALS. Two GRAM MolsTuRE FREE SAMPLE 
SiticA SAND AT 2150 F, For 2 MIN 
80 Silica Sand Average : % 
Mesh Particle Surface Screen Material Range of 3 Samples 
Size Area Per Unit Weight* Analysis Formulated Iron . 
Oxide Compound 36— 39 
6 7.4 Cm2/Gm x _ = —_ Iron Oxide 
12 149Cm2/Gm x — = — C.P. Fe,Oz 0.10 — 0.08 
20 29.7 Cm2/Gm x —_ = — Iron Oxide 
30 42.4 Cm2/Gm % 1.3 = 55.12 C.P. Fez,04 0.31— 0.37 
40 56.6 Cm2/Gm x 11.5 = 650.90 Commercial Iron Oxide 
50 80.8 Cm2/Gm x 24.1 = 1947.28 Brand “A” 2.59— 2.36 
70 114.8 Cm2/Gm x 29.3 = 3363.64 Commercial Iron Oxide 
100 182.0 Cm2/Gm x 21.2 = 3858.40 Brand “B” 3.20— 3.25 
140 248.8 Cm2/Gm x 9.4 = 2338.72 Illinois Fire Clay Flour 
200 359.0 Cm2/Gm x 2.5 = 897.50 Shipment 1. 12.0 —13.1 
270 427.0 Cm2/Gm x _ = — Illinois Fire Clay Flour 
Pan 757.0 Cm2/Gm x 5 = 378.50 Shipment 2. 11.0 —11.9 
eee Ohio Fire Clay 
‘ oe ¢ ha Granular 83 — 9.1 
34. m2/Gm Rare Earth Oxide 
*Relative to base shape factor of sand grains Granular 0.29— 0.39 








TABLE 2— GRAIN DISTRIBUTION AND SURFACE AREA OF VARIOUS RAW MATERIALS USED IN REPORT 








AFS AFS AFS AFS 
35 53 58 90 Illinois Ohio Granular Domestic 
Mesh Sand Sand Standard Sand Sand Fire Clay Clay Western Zircon 
Size Portage Portage Portage Portage Flour Granular Bentonite Sand 

20 _ _ _ _ a 8.0 _ — 

30 7.4 | 1.3 _ 1.8 14.2 _— — 

40 64.5 11.6 11.5 _ 4.2 13.7 9 — 

50 24.6 28.4 24.1 4 5.4 10.8 20.8 _ 

70 2.9 29.8 29.3 4.8 5.7 8.1 26.5 a 
100 _— 21.3 21.2 41.8 7.6 10.1 25.4 7.6 
140 _ 6.7 9.4 35.7 7.5 72 15.5 66.7 
200 A 8 2.5 11.8 8.1 6.1 7.8 22.8 
270 — — —_— 4.0 13.2 6.5 2.4 1.3 
Pan _ 6 Ss 1.4 46.1 15.2 5 1.5 
Specific 64.28 126.86 134.90 240.77 480.98 235.17 174.44 278.00 


Surface Area 





TABLE 5— FORMULAS AND PHYSICAL PROPERTIES 
.IN THE COMPARISON OF REFRACTORIES 


TABLE 4— FORMULAS AND PHYSICAL PROPERTIES 
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TABLE 6— FORMULAS AND PHYSICAL PROPERTIES TABLE 7 — FORMULAS AND PHYSICAL PROPERTIES 
IN THE COMPARISON OF CLAYS IN THE COMPARISON OF ADDITIVES 
cope 1 - FORMULAS 2 
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TABLE 8 — DESCRIPTION OF PHOTOGRAPHIC EQUIPMENT 





Camera — Kodak Pony 828 miniature camera 
51 mm, f 4.5 lens. 

Close-up 

Technique — focal frame (described in Eastman 
Kodak Company pamphlet — “Kodak 
Portra Lenses and a Technique for ex- 
treme close-ups)”. 

Macroscope — camera was coupled with Bausch and 
Lomb wide-field tube macroscope (31- 
29-40-87) 40x, 43 mm working distance. 

Equipment 

Cost — Less than $100.00, without accessories 
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INOCULATION OF GRAY CAST IRON 


RELATIVE EFFECTIVENESS OF SOME SILICON ALLOYS AND 
ACTIVE METALS AS LADLE ADDITIONS 


By 


N. C. MeClure,* A. U. Khan,** D. D. MceGrady,t 
and H. L. Womochel?t+ 


For many years it has been generally understood 
that the late addition of certain silicon alloys to mol- 
ten iron produces changes in the graphite distribu- 
tion, improvements in the mechanical properties, and 
a reduction of the chilling tendency which are not 
explainable on the basis of composition change with 
respect to silicon. Patents covering these late-addition 
materials date back to the early 1920's. 

Literature dealing with the subject of inoculation is 
voluminous. A survey of this literature discloses facts 
and opinions concerning inoculation listed in the fol- 
lowing paragraphs. 

A large number of silicon alloys of widely different 
composition have been recommended as inoculants. 
Lownie! has listed twelve late addition alloys con- 
taining silicon. He also includes the element calcium, 
and the element carbon in the form of graphite as 
inoculating agents. 

Silicon has been regarded as the essential and active 
agent in inoculating alloys. 

Information concerning the effectiveness of many 
of the inoculants is not found in the literature, and 
sufficient information regarding the relative effec- 
tiveness of the more generally employed alloys is not 
available. The impression can be gained from the 
literature that the various alloys are about equivalent 
to one another in their effectiveness. Data on the 
quantity of the various alloys necessary to effect the 
desirable Type A or random graphite distribution 
and maximum properties are limited. 

Many explanations for the mechanism of inocula- 
tion have been advanced. Most explanations have 
been based on a nucleation mechanism as the term 
“inoculation” implies. Space will not permit a com- 
plete discussion but a partial list of these theories is 
as follows: 


*N. C. McClure, Materials Engineer, Dow Chemical Co. Mid- 
land, Mich. 

**A. U. Khan, Design Engineer, Whirlpool and Seeger Corp. 
St. Joseph, Mich. 

+D. D. McGrady, Assistant Professor of Metallurgical Engineer- 
ing, Michigan State University, E. Lansing, Mich. 

ttH. L. Womochel, Associate Professor of Metallurgical Engineer- 
ing, Michigan State University, E. Lansing, Mich. 
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1. The Silicate-Slime Theory 

According to this theory the introduction of addi- 
tional silicon to the alloy produces a cloud of nuclei 
of silica or silicates which nucleate solidification to 
produce Type A graphite. 


2. The Gas Theory 

Since silicon and other elements contained in the 
addition alloys are deoxidizing agents, it is argued 
that the reduction of the oxygen content produced 
by the addition effects the change in microstructure. 
Evidence is also found in the literature to show 
that nitrogen and hydrogen are involved in graphite 
distribution. 


3. Undercooling Theory 

This is an extension of the nucleation theory which 
argues that Type D and E graphite irons, the so- 
called ‘abnormal irons,” are a result of undercooling 
during solidification, and that nucleation, which re- 
sults from the late addition, prevents this undercool- 
ing and produces the desirable random or Type A 
graphite distribution. 


4. The Graphite Nucleus Theory 

This theory advances the idea that the addition of 
silicon causes localized precipitation of graphite which 
nucleates flake formation. In support of this idea it 
is claimed that direct graphite additions serve to in- 
oculate iron. 


5. The Carbide Stability Theory 

This theory argues that changes in carbide stability 
affect the availability of carbon during flake forma- 
tion and thereby influence flake size and shape. This 
theory is supported by the fact that inoculation is 
accompanied by a reduction in chilling tendency. 


6. Surface Tension or Surface Energy Theory 

According to this theory the inoculating agent in- 
fluences the size and shape of graphite particles by 
supplying or removing an adsorbed substance from 
the graphite-metal interface thereby promoting the 
formation of a certain graphite form as a result of a 
surface energy change. 
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None of these theories seems to be capable of 
explaining all of the observations relating to the in- 
oculation phenomena. Two references from the 
literature will serve to illustrate the unsatisfactory 
state of our present comprehension. In commenting 
on the present status of our understanding of gases 
in gray iron Loria and Lownie? make the following 
statement: “In spite of the voluminous literature in- 
terpretation of the data is still hazy even for steel 

.. for cast iron the situation is even more nebulous.” 
In the same vein Morrogh and Williams? list 41 
“graphite formation anomalies” which in their opin- 
ion require investigation and explanation. 

The present writers have been of the opinion that 
some of the confusion is a result of lack of data on 
the relative effectiveness of the various inoculating 
alloys, which vary widely in composition. If these 
alloys differ in their effectiveness such data might 
provide valuable clues as to the nature of the in- 
oculation mechanism in addition to furnishing in- 
formation of practical value to producers of gray 
iron. Accordingly the writers have undertaken a num- 
ber of experiments for the purpose of determining 
the relative effectiveness of some of the commonly 
employed inoculation alloys. An additional incentive 
for undertaking the investigation has been the prob- 
lem introduced by the discovery of nodular or sphe- 
roidal graphite iron, which is produced by late ad- 
ditions. It appears probable that the same general 
factors operating to produce the spherical graphite 
nodules are also involved in the production of other 
graphite shapes. 

Experimental Procedure 

All of the heats described in this report were 
made in a 250-lb, indirect-arc, rocking furnace. 
Charges in the cold furnace consisted of pig iron, 
structural steel, ingot iron punchings, and 27 per 
cent ferrosilicon. Manganese and sulphur contents 
were adjusted immediately after the meltdown with 
additions of 80 per cent ferromanganese and of iron 
sulphide. 

All melts were brought to 2850 F, as determined 
by optical pyrometer readings through the spout. 
This temperature was selected as being representative 
of general practice, and as providing sufficient lati- 
tude of temperature to transport the metal to the 
molds, skim the ladle, read the temperature with 
an optical pyrometer, and pour at the temperature 
selected for these experiments, 2650 F to 2675 F. 

All ladle additions, unless otherwise indicated, were 
made by tapping a small amount of metal into the 
ladle and then adding the inoculating alloy con- 
tinuously as the balance of the iron entered the ladle. 
During this operation, an effort was made to carry 
the inoculant under the surface with the stream of 
molten iron. 

In the case of ladle treatments with active metals, 
special procedures were required. These will be de- 
scribed for the individual cases. 

The time interval between tapping and pouring 
varied in general from 2 to 4 minutes. This time was 
required for the metal to cool from the tapping tem- 
perature, and for transportation, skimming, and de- 
termination of temperature. 


Metal from each ladle was cast into vertical, dry 
sand core, 1.2-in. standard test bar molds, washed 
with a non-carbonaceous silica wash. These bars were 
broken on 18-in. centers in accordance with standard 
procedure. All transverse test bar results are the 
average of three or more bars. Bars showing defects 
in the fracture with abnormally low results for break- 
ing load and deflection were not included in the 
average. The number of tests bars poured varied 
from three to five. Bars were cleaned with a wire 
brush. 

Small wedge chill test specimens were used in some 
experiments; in others a chill block having the di- 
mensions 34 in. x 214 in. x 37% in. was employed. 
Two or more chill specimens were poured from the 
ladle, and the results for chill are the average of two 
specimens. 

Tensile test results are not reported in all cases. 
As the work continued, it became evident that the 
transverse breaking load, the deflection, and in par- 
ticular the triangular resilience provided a more sen- 
sitive index of variations in microstructure than did 
the tensile strength. 

Triangular _ Trans. Breaking Load x Deflection. 
Resilience ~ 2 


The most potent influence of inoculants on micro- 
structure is at the surface of the casting. This renders 
the transverse bar, tested in the unmachined condi- 
tion, a suitable test specimen for the purpose of dem- 
onstrating inoculation action. 

In making comparisons between irons in this paper 
an effort has been made to keep the carbon equiva- 
lents (C + Si/3) within one-tenth of one percent. 
This is a degree of control which compares favorably 
with that of similar experiments reported in the 
literature. 

Carbon and silicon contents were determined on 
each ladle. Sulphur, manganese, and phosphorus con- 
tents were determined only on one ladle from each 
heat unless these elements were involved in the ad- 
ditions, or when there was reason to believe that 
their contents were altered by the ladle addition. 


Photomicrographs were not made of all of the 
irons. Typical structures are presented for the pur- 
pose of illustration and discussion. The microstruc- 
tures of all significant irons were examined, and it was 
concluded that the results of the transverse tests were 
well correlated with the variations in microstructure. 
The presence of a large percentage of Type A graph- 
ite, particularly at the surface of the casting, seems 
to be effective in producing a high transverse break- 
ing load and a high deflection. 


Some of the conclusions reached in this investigation 
are based on additions of active metals or of alloys 
containing active metals. In this phase of the re- 
search, no attempt was made to determine the amount 
of the active metal retained in the solid iron. This is 
justified by the fact that the retention of substantial 
amounts of the metals is not necessary in order that 
profound changes in the microstructure and prop- 
erties be produced. For example, in producing nodular 
iron, the amount of residual magnesium has been 
reported as low as 0.058 per cent. 
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TABLE 1] — FERRO-SILICON AND CALCIUM-SILICON 
INOCULANTS 





Composition, per cent 
Iron Addition C.% Si.% Mn.% P.% 5% 


T2-Fl 0.30% Sias FeSi 2.95 2.00 
T2-Cl 0.35% Si as CaSi 294 1.95 
T2-F2 0.60% Si as FeSi 2.90 2.17 056 
T2-C2 0.70% Sias CaSi 2.84 2.21 99 -102 046 








McElwee and Barlow4 have discussed this matter 
and have concluded that the effects of inoculants 
cannot be measured by analysis of the iron for resid- 
uals—the chemical changes sometimes being insignif- 
icant or imperceptible. In view of this feeling, and in 
view of the time-consuming nature and of the un- 
certainty involved in the determination of small 
quantities of active metals, it was decided to defer 
analytical studies until their value was indicated by 
the present research. 

In making additions of the various alloys, an at- 
tempt was made to keep the crushed sizes of the 
alloys comparable in each. case. In general, the com- 
mercial size “8-mesh and down” was employed. 


Experimental Results 

Since the amount of data in this report is con- 
siderable, the results are presented as a number of 
separate experiments for the convenience of the 
reader. 

Each comparison of irons is given in two tables, the 
first tabulating the available analytical data, and 
the second the mechanical properties. 


Comparison of Ferrosilicon and Calcium-Silicon 


The two most widely employed inoculants have 
been ferrosilicon and calcium-silicon. In view of the 
industrial importance of these two alloys, ferrosilicon 
and calcium-silicon were selected by the writers for 
the initial experiments of this investigation. 

Some difficulty is experienced in determining the 
relative amounts to be used in making a comparison 
between alloys as diverse in chemical analysis as are 
these two. The situation is rendered more difficult 
by the fact that the silicon pickup is more complete 
when ferrosilicon is employed than is the case with 
calcium-silicon. It was decided that the most satis- 
factory basis for comparison would be afforded by the 
use of amounts of the alloys such that the silicon 
pickup would be approximately the same in each 
case. This wouldinvolve using somewhat larger 
amounts of calcium-silicon. This basis of comparison 
has been employed by Morrogh and Williams? for 
various alloys. For the experiments performed in this 
investigation, this basis required using amounts of the 
two alloys in the proportion of 0.30 per cent ad- 
dition of Si as ferrosilicon to 0.35 per cent addition 
of Si as calcium-silicon in the first comparison, and 
0.60 per cent to 0.70 per cent in the second. 

The following procedure was used. A 200-lb. heat 
was melted and brought to 2850 F as described under 
Experimental Procedure. Two pairs of 50-lb ladles 
were tapped from the heat. One member of the first 
pair (Iron No. T2-F1l) was inoculated with 0.30 per 
cent Si addition as ferrosilicon and the second with 


INOCULATION OF Gray Cast Iron 


TaBLE 2— MECHANICAL PROPERTIES 





Trans., Deflec., Res., 
Iron Inoc. lb in. Ib 


T2-Fl Fe-Si 2665 0.208 277 46,910 30-45 
T2-Cl Ca-Si 3597 0.361 651 58,750 13-18 
T2-F2 FeSi 2905 0.261 379 51,470 12-20 
T2-C2 CaSi 3728 0.394 745 59,200 4-8 


*Figures refer to clear chill and total chill, respectively 


Tensile, Chill,* 
psi ¥%2 in. 








0.35 per cent Si addition as calcium-silicon (T2-Cl). 
This procedure was repeated for the second pair of 
the ladles using 0.60 per cent Si as ferrosilicon 
(T2-F2) and 0.70 per cent Si as calcium-silicon 
(T2-C2). 

The analysis of the ferrosilicon used was: Si 92.73 
per cent, Al 1.68 per cent, and Ca 0.25 per cent. 
The calcium-silicon was: Si 63.97 per cent, Ca 31.72 
per cent, Fe 1.70 per cent, Zr 0.08 per cent, Ti 0.16 
per cent, and Al 1.09 per cent. 

Chemical analysis data on the irons are presented 
in Table 1, and mechanical property data in Table 
2. As previously mentioned, manganese, phosphorus 
and sulphur were not determined on all ladles. In 
these tables the irons to be compared are grouped 
as pairs. 

Transverse breaking load was determined in pounds 
on 18-in. centers, the deflection in inches, tri- 
angular resilience in inch-pounds. The figures under 
“Chill” signify the clear chill and the total chill 
respectively in 1/32-in. units. 

Table 2 shows the marked superiority of calcium- 
silicon over ferrosilicon when additions were made 
to produce the same silicon increase. All mechanical 
properties are superior in the case of the irons treated 
with the high-calcium alloy. The increase in tri- 
angular resilience is particularly noteworthy, being 
100 per cent or more. It is also evident that the high- 
calcium alloy was much more effective than ferro- 
silicon in reducing chilling tendency. 

Examination of the microstructure of the cross 
sections of the transverse bars revealed an entirely 
normal (Type A) graphite distribution in the in- 
terior of the bars treated with the heavy addition 
of calcium-silicon (T2-C2). The corresponding bars 
(T2-F2) treated with ferrosilicon showed a tendency 
toward Type D and Type E graphite distribution 
(Fig. 1). At the immediate surface, the calcium-silicon 
iron was found to have a microstructure consisting 
mainly of Type A graphite with only a slight tendency 
toward D (Fig. 2). The structure at the surface of the 
ferrosilicon iron was highly abnormal with consider- 
able ferrite (Fig. 3) . 

In general, the microstructures of Figs. 1, 2, and 
3 are typical. Incomplete inoculation manifests it- 
self as a tendency toward Types D and E graphite 
distribution with associated ferrite, and this tend- 
ency is shown to be particularly marked at the sur- 
face. In the succeeding experiments, microstructures 
will not be presented in all cases, and reference can 
be made to these photomicrographs as being rep- 
resentative. As previously mentioned, a good correla- 
tion exists between the transverse breaking loads, de- 
flections, the triangular resilience, and the micro- 
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Fig. 1 — Microstructure of interior of Iron T2-F2 treated with 
0.6% Si as ferrosilicon. Etch - Nital. Mag. - 100X. 


structure. These values will be taken as measuring the 
effectiveness of the various ladle treatments in sub- 
sequent experiments. 

It is remarkable that this superiority of calcium- 
silicon over ferrosilicon has received little attention 
in the literature. This difference appears significant 
in a practical and a theoretical way. Since the dif- 
ference in price is not appreciable, it would appear 
advisable to use calcium-silicon more generally than 
has been the practice in electric furnace production 
of high strength irons. An additional conclusion of 


TABLE 3— CALCIUM SILICON AND 
SILICON-M ANGANESE-ZIRCONIUM 


practical importance which can be drawn from these 
results is that somewhat larger additions of inoculants 
are required than is usually supposed to be the case 
where a maximum of mechanical properties with 
minimum chilling tendency is desired. Additions of 
0.20 per cent total inoculant are recommended in the 
literature, and to the writers’ knowledge some 
foundries are using even less. 

These results appeared to have considerable theo- 
retical significance. The superiority of the alloy con- 
taining the larger amount of active metal was in- 
dicative of an important role of the active metal in 
inoculation. Accordingly, a series of experiments have 
been carried out in which the effects of active metals 
have been determined. 


Calcium-Silicon and Silicon-Manganese-Zirconium 
Alloys 

Alloys containing silicon, manganese, and zirconium 
are employed extensively as inoculants. Lownie! states 
that such alloys are more effective than ferrosilicon, 
and Burgess and Bishop5 present data on irons treated 
with these alloys. However, data on relative effective- 
ness of these alloys with other inoculants are lacking. 

In view of the importance of the zirconium alloys 
as commercial inoculants, experiments were under- 
taken to compare the alloy with calcium-silicon. The 
procedure followed was that of the previous experi- 
ment. A 200-lb heat was divided into two pairs of 
ladles—the members of the first pair were inoculated 
with 0.30 per cent Si as the zirconium alloy and 
0.35 per cent Si as Ca-Si. The members of the second 
pair of ladles were inoculated with 0.60 per cent Si 


TABLE 4— MECHANICAL PROPERTIES 





Comparttivn. per cent 


Trans., Deflec., Res., Tensile, Chill, 








Iron Addition C.% S8i.% Mn.% P?.% $.% 
T8-S1 0.30% SiasSi-Mn-Zr 2.80 1.97 94 
T8-Cl 0.35% Si as CaSi 2.86 1.96 92 
T8-S2 0.60% SiasSi-Mn-Zr 2.86 2.30 96 056 
T8-C2 0.70%, Si as CaSi 2.82 2.22 91 084 .046 


Iron Inoc. Ib in. Ib psi ¥2 in. 
T8-Sl Si-Mn-Zr 3023 0.283 430 48,100 12-22 
T8-Cl_ CaSi 3327 0.322 536 50,390 14-22 
T8-S2 Si-Mn-Zr 3138 0.326 511 49,010 10-15 


T8-C2 CaSi 3516 0.365 644 57,490 12-17 











Fig. 2 — Microstructure at surface of Iron T2-C2 treated with 
0.7% Si as calcium-silicon. Etch - Nital. Mag. - 100X. 


Fig. 3 — Microstructure at surface of Iron T2-F2 treated with 
0.6% Si as ferrosilicon. Etch - Nital. Mag. - 100X. 
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as zirconium alloy and 0.70 per cent Si as Ca-Si 
respectively. The somewhat greater addition of Ca- 
Si was necessitated by the lower silicon pickup from 
the latter alloy. 

Chemical analysis of the irons is presented in Table 
3, and mechanical property data in Table 4. Analyses 
of alloys employed are tabulated below. In this 
and in the other cases of this report, the alloy 
analysis given is that supplied by the producer of the 
alloy. 


Composition, per cent 





Ca-Si Zirconium Alloy 
63.92 Si 62.79 Si 
31.72 Ca 2.19 Ca 
1.70 Fe 6.45 Mn 
0.08 Zr 5.45 Zr 
0.16 Ti 0.19 Ti 
1.09 Al 1.50 Al 


These results indicated that the zirconium alloy 
was inferior to Ca-Si so far as the mechanical prop- 
erties were concerned when the additions were made 
to give approximately the same recovery of silicon. 
The difference in chilling tendency was not sufficient 
to permit a final conclusion, but it was indicated 
that the zirconium alloy was slightly more effective 
than Ca-Si in reducing chill. 

Figures 4 and 5 show the surface microstructures of 
the irons treated with the smaller amounts of the 
two alloys. It is evident that these amounts of the 
alloys are not sufficient to produce normal structures 
at the surface of castings of 1.2-in. diameter. The 
microstructure of the Ca-Si-treated iron was some- 
what superior to that of the other iron. 


TABLE 5— DATA ON SILICON-MANGANESE AND 
BLANK HEATs 


INOCULATION OF Gray Cast IRON 


Silico-Manganese as an Inoculant 

Silico-manganese is not commonly used as an in- 
oculant. However, it has been listed with other in- 
oculants and it is mentioned as an inoculating sub- 
stance in the article dealing with gray cast iron in 
the American Society for Metals Handbook, page 515, 
1948 edition. The fact that silicon-manganese-zirco- 
nium alloys are effective inoculants may be taken as 
an indication of some possible value in a late addition 
of manganese. 

Boyles® has discussed the effect of sulphur and man- 
ganese on graphite distribution and has suggested 
that the precipitation and distribution of manganese 
sulphide inclusions are related to graphite distribu- 
tion. These relationships are also indicative of the 
possibility of some effect of a late addition of man- 
ganese. 

The following experiment was undertaken to de- 
termine the effect of silico-manganese additions. Heat 
T3 was melted and Ladles 1 and 2 were treated 
with a 1.0 per cent addition of silico-manganese (0.5 Ib 
of alloy per 50-lb ladle). Blank Heat T4 was melted 
with the composition of the cold charge adjusted with 
respect to silicon and manganese to give approxi- 
mately the same final analysis as for Heat T3. 

Results of these heats are given in Tables 5 and 6. 
The composition of the silico-manganese employed is 
given as follows: Mn 66.5, Si 18.5, C 1.25, Fe 13.00, 
and Ti 0.17 (Ca and Al present only as traces) . 

These results would be interpreted as indicating 
that silico-manganese of the composition employed is 
not of value as an inoculant, and that the with- 
holding of silicon and manganese from the charge for 


TABLE 6 — MECHANICAL PROPERTIES 











Composition, per cent Trans., Defiec., Res., Chill, 
Iron Addition C,% Si,% Mn,% P,% S,% Iron Inoc. lb in. lb Ye in. 
T3-1 1.0% Si-Mn 2.88 2.31 1.06 0.075 T3-1 Si-Mn 2364 0.184 217 32-52 
T4-1 Blank 2.94 2.34 0.98 T4-1 Blank 2580 0.218 284 16-35 
T-3-2 1.0% Si-Mn 293 2.34 1.07 0.060 T3-2 Si-Mn 2375 0.188 223 24-44 
T4-2 Blank 3.00 2.33 1.00 0.077 0.062 T4-2 Blank 2631 0.223 294 18-34 








Fig. 4— Microstructure at surface of Iron T8-S1 treated with 
0.3% Si as Si-Mn-Zr alloy. Etch - Nital. Mag. 100X. 


Fig. 5 — Microstructure at surface of Iron T8-C1 treated with 
0.35% Si as Ca-Si alloy. Etch - Nital. Mag. - 100X. 
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TABLE 7 — DATA ON SILICON-MANGANESE AND 
BLANK HEaTs 





Composition, per cent 





[ron Addition C.% Sii% Mn.%P.% S,% 
T6-1 1.0% Si-Mn 3.04 226 094 0.075 0.073 
T5-1 Blank 3.05 221 0.99 
T6-2 1.0% Si-Mn 3.04 230 1.02 
T5-2 Blank 3.07 220 097 0.075 0.072 





TABLE 8 — MECHANICAL PROPERTIES 








Trans., Defiec., Res., Chill, 
Iron Inoc. lb in. lb Ye in. 
T6-1 Si-Mn 2485 0.218 272 18-38 
T5-1 Blank 2546 0.215 274 20-42 
T6-2 Si-Mn 2506 0.240 301 16-30 
T5-2 Blank 2588 0.224 290 20-42 





the purpose of making late additions was detrimental 
to the properties of the iron, including chilling 
tendency. 

As a check on these results, the first two ladles of 
Heat T6 were treated with 1.0 per cent additions of 
silico-manganese, using the first two ladles of blank 
Heat T5 for comparison. Results are presented in 
Tables 7 and 8. 

These results were not in complete agreement with 
those of the first silico-manganese series. The silico- 
manganese heats of this second series were slightly 
superior in deflection and slightly lower in chill- 
ing tendency than the corresponding blanks. These 
small differences are attributed to individual varia- 
tions in heats. 

The conclusion from these results is that silico- 
manganese of this grade is without value as an in- 
oculant. It is noteworthy that the silico-manganese 
employed is free of calcium and aluminum. 


High and Low Active-Metal Ferrosilicons 

The superiority of alloys containing calcium, alu- 
minum, and zirconium as demonstrated by the above 
data indicated the desirability of determining the 
relative effectiveness of low and high active metal con- 
tent ferrosilicons. High and low-aluminum grades 
were obtained from a major producer with the 
analysis given below. See also Tables 9 and 10. 


Composition, per cent 
Low-Aluminum FeSi High-Aluminum FeSi 








93.00 Si 90.57 Si 
0.45 Al 2.20 Al 
0.01 Ca 0.46 Ca 


Comparison of Iron T26-3, inoculated with the low 
active metal-content alloy, with T27-1, the uninocu- 
lated blank, shows that the low aluminum and 
calcium alloy had a negligible value as an inoculant. 

Consideration of the data for the irons inoculated 
with the high active metal content shows the pro- 
nounced superiority of the high active-metal alloy. 

Although the amounts of aluminum and calcium 
added with the alloy were extremely small, it is 
difficult to explain the greater effectiveness of the 
high-aluminum alloy on any basis other than the 
presence of the greater amount of the active metals. 


TaBLE 9— DATA ON GRADES OF FERRO-SILICON 





_ Composition, per cent 
[ron Addition C,% Si.% Mn.%P.% §.% 


T26-3 0.5% Si,Low-Al Alloy 2.85 2.34 085 0.115 0.066 
T26-4 0.5% Si, High-Al Alloy 2.90 2.34 

T27-1 Blank 2.84 2.39 0.83 0.122 0.066 
T26-2 0.5% Si, High-Al Alloy 2.86 2.29 085 0.115 0.066 








TABLE 10 — MECHANICAL PROPERTIES 








Trans., Defiec., Res., Chill, 
Iron Inoc. Ib in. lb Ye in. 
T26-3 Low-AlFeSi 2591 0.230 298 13-29 
T26-4 High-Al FeSi 2920 0.280 409 8-13 
T27-1 Blank 2490 0.232 289 12-20 
T26-2 High-Al FeSi 2919 0.288 420 8-14 





These results are in accord with the opinion of those 
employing the various grades of ferrosilicon in in- 
dustry. These data afford evidence for a theory of 
inoculation based on the action of active metals. They 
also indicate the serious nature of failure to state the 
analysis of ferrosilicons with respect to these elements 
in research work. Such failure is usual in work re- 
ported in the literature. 


Silicon as an Inoculant 

Consideration of the above data pointed to the 
important role of the active metals in inoculation, 
and indicated the desirability of following experi- 
ments being performed: 1) Two ladles were tapped 
from Heat T24; one ladle was treated with a 0.50 
per cent Si addition of high-aluminum ferrosilicon 
and the other with a 0.50 per cent addition of puri- 
fied silicon. 2) A ladle from Heat T26 was treated 
with 0.50 per cent purified silicon for comparison 
with two blank or uninoculated irons. Results are 
presented in Table 11 and 12. The high-aluminum 
ferrosilicon was employed in previous experiments 
with the analysis given above. The “purified” silicon 
employed was the highest grade commercially obtain- 
able (99.8 per cent Si, balance iron) . 


TABLE 1] — Data FOR PURIFIED SILICON 





Composition, per cent 
Iron Addition C,% Si.% Mn.%P.% 5% 


T24-S 0.5% Si as pure Si 2.78 261 091 0.130 0.059 
T24-F 0.5% Sias Hi-Al‘FeSi 2.75 262 0.91 0.130 0.059 
T26-1 0.5% Sias pure Si 2.87 232 0.85 0.115 0.066 
T25-2 Blank 2.84 224 0.80 0.122 0.062 
T27-1 Blank 2.84 2.39 0.83 0.122 0.066 








TABLE 12 — MECHANICAL PROPERTIES 








Trans., Deflec., Res., Chill, 
Iron Inoc. lb in. Ib Ye in. 
T24-S 0.5% Si as 
pure Si 2601 0.218 284 8-21 
T24-F 0.5%, Si as 
Hi-Al FeSi 3059 0.312 476 3-3 
T26-1 0.5% Si as 
pureSi 2533 0.210 266 13-36 
T25-2 Blank 2575 0.230 296 12-18 
T27-1 Blank 2490 0.232 289 12-20 











346 


Comparison of the results for irons T24-S and 
T24-F shows that pure silicon was much inferior in 
all respects to the ferrosilicon. 


Comparison of the values obtained for the blank 
Heats T25-2 and T27-1 with T26-1, treated with 0.50 
per cent silicon, indicates that silicon had no value as 
an inoculant, and suggests that withholding a por- 
tion of the silicon and adding it late may be slightly 
detrimental rather than beneficial to properties. 

These data render it difficult to support the silica 
slime theory of inoculation, particularly if the nu- 
cleating agent is considered to be a ferrous silicate 
particle. It also tends to discredit a theory based on 
precipitation of graphite particles resulting from local 
concentration of silicon. It may be that the silicon 
in commercial inoculants is simply a convenient car- 
rier for active metals, or that the simultaneous ad- 
dition of silicon with aluminum and calcium is in 
some way capable of improving graphite distribution 
and reducing chill. 


Calcium as a Ladle Addition 


In view of the evident importance of the active 
metals in the inoculation mechanism, experiments 
were undertaken to determine the effect of calcium 
and aluminum additions. 

In the case of calcium, ladles were treated with 
0.10 per cent, 0.75 per cent, and 1.00 per cent calcium 
for comparison with blank ladles. The calcium ad- 
ditions were accomplished by wiring the metallic 
calcium to an iron rod and plunging the metal be- 
neath the molten iron in the ladle immediately after 
tapping. The resulting reaction was violent and it was 
apparent that a portion of the calcium burned at the 
surface of the molten iron. When solution and re- 
action were complete, the ladle was skimmed, the 
temperature allowed to drop to 2650 F and the iron 
poured. 

Chemical analyses and properties of the treated 
and blank irons are recorded in Tables 13 and 14. 
Comparison with untreated iron T40-1B and T40-2B 
indicates that calcium metal is a very effective in- 
oculant. Examination of the microstructures of the 
calcium-treated irons shows microstructures compar- 
able to that of Fig. 2 for the calcium-silicon treated 


TABLE 13— Data ON CALCIUM ADDITIONS 





Composition, per cent 





Iron Addition C% &.% MG P.GK «(OSG 
T39-1C 1.00% Ca 2.72 246 0.87 0.188 0.042 
T39-2C 0.75% Ca 2.73 2.48 0.040 
T40-1C 0.10% Ca 2.70 2.48 0.053 
T40-1B Blank 2.74 2.47 0.054 
T40-2B Blank 2.72 2.48 





TABLE 14 — MECHANICAL PROPERTIES 








Trans., Defiec., Res., Chill, 
Iron Inoc. lb in. Ib Ye in. 
T39-1C 100%Ca 3313 0.313 518 2-3 
T39-2C 0.75%’Ca 3389 0.341 578 4-6 
T40-1C 0.10% Ca 3245 0.292 474 5-12 
T40-1B Blank 2390 0.191 228 12-28 
T40-2B Blank 2455 0.197 241 14-24 





INOCULATION OF GrRAy Cast IRON 


TABLE 15— DATA ON ALUMINUM-TREATED IRON 





Composition, per cent 





Iron Addition C.% 3,.%Mn,.%P.% $.% 
T34-1A 50% Al 2.82 2.26 82 117 064 
T34-1B Blank 2.84 2.33 86 122 064 
T34-2A 07% Al 2.84 2.28 062 
T34-2B Blank 2.82 2.31 061 





TABLE 16 — MECHANICAL PROPERTIES 








Trans., Defiec., Res., Chill, 
Iron Addition Ib in. Ib Ye in. 
T34-1A 50% Al 2450 194 238 2-8 
T34-1B Blank 2478 212 260 8-31 
T34-2A 07% Al 2465 211 260 11-30 
T34-2B Blank 2455 212 258 14-23 





irons with practically all of the graphite at the imme- 
diate surface of the casting of the A type. 

These data are significant and are strongly in- 
dicative of the major role played by calcium ad- 
ditions in determining the graphite distribution and 
properties of cast iron. Consideration of the data for 
the other experiments shows that those ladle addi- 
tions which are free or relatively free of calcium 
(silico-manganese, purified silicon, and “low-alumi- 
num” ferrosilicon) are without value as inoculants, 
while there is a correlation between the calcium con- 
tents and the effectiveness of the other inoculants 
employed. Since excellent properties and structures 
were exhibited by the irons treated with pure calcium, 
it may be concluded that the late addition of silicon 
is not an essential part of inoculation. 


Aluminum Additions 

Some of the alloys which have been found effective 
as inoculants contain aluminum. The “high-alumi- 
num” ferrosilicon contained 2.20 per cent Al and 
0.46 per cent Ca; and the zirconium alloy, 1.50 per 
cent Al, and 2.19 per cent Ca. In an effort to 
evaluate the effect of aluminum, additions of 0.07 
per cent Al and 0.50 per cent Al were made for 
comparison with untreated irons. 

Aluminum additions were made in the same man- 
ner as the calcium additions—by wiring high-purity 
aluminum (99.99 per cent Al) to an iron rod and 
plunging beneath the surface of the metal in the 
ladle. 

Data on the analysis and properties of the treated 
and blank irons are presented in Tables 15 and 16. 
The effect of the 0.07 per cent aluminum additions 
on the mechanical properties was negligible, but the 
effect of the 0.50 per cent aluminum addition on 
chilling tendency was marked. 

Examination of the microstructure of the treated 
and blank irons showed no improvement in the 
graphite distribution in the aluminum-treated irons. 
However, a tendency of the treated irons to have 
larger amounts of ferrite associated with the Type D 
graphite was observed. Apparently aluminum is capa- 
ble of reducing chilling tendency and carbide stability 
without an improvement in graphite distribution, thus 
indicating that high chilling tendency is not a nec- 
essary concomitant of abnormal graphite distribution. 
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These data make it difficult to base a theory of in- 
oculation in a reduction of carbide stability. 

No adverse effect of the aluminum additions was 
observed on the soundness of the transverse bar cast- 
ings. Foundrymen have long believed that large alu- 
minum additions are detrimental to casting properties 
and tend to promote pinhole defects in the casting 
surface, particularly when the casting is poured in 
green-sand molds. The absence of such defects in the 
castings of theses experiments may be due to the 
fact that all of the castings were made in dry-sand 
cores. 


Effect of Various Inoculants on Cell Size 


The cell size of cast iron refers to the size of the 
eutectic units in the solid iron. Boyles® has described 
the manner of solidification of a hypoeutectic iron 
as: 1) formation of primary dendrites of austenite in 
liquid, 2) nucleation of the eutectic which solidifies 
as spherical “‘cells” between and around the primary 
dendrites, 3) development of graphite flakes in the 
cells simultaneously with the growth of the cells, with 
the flakes growing at the liquid solid interface, and, 
4) segregation of some elements in the remaining 
liquid surrounding the growing cells—notably phos- 
phorus, sulphur, and hydrogen. This concept of the 
solidification is based on experiments in which trans- 
formation was arrested by quenching from tempera- 
tures between the liquidus and solidus. 

As previously discussed, theories have been pro- 
posed to explain graphite size and distribution varia- 
tions on the basis of variations in the rate of forma- 
tion of the austenite and the graphite flakes of the 
eutectic cells. It is apparent that the number and 
size of the cells in the solidified iron is an important 
theoretical consideration, inasmuch as it indicates the 
possibility of a cell nucleation by inoculants. 

The cell size is not made evident by ordinary 
polishing and etching procedures. Adams? has dis- 
cussed a method for delineating the cell boundaries 
by deep etching with nital. Phosphorus segregates 
during cell growth and in irons of about 0.10 per 
cent or more phosphorus brings about the forma- 
tion of steadite in the boundaries. Since steadite is 
light etching with nital, deep etching with this reagent 
affords sufficient contrast to outline the cells. Adams 
has presented a cell-size chart with numbers ranging 
from 1 to 7, with low numbers representing a large 
cell size. Size No. 2 represents an average cell di- 
ameter of approximately l-in. at a magnification of 
25 times; No. 3, a cell diameter of 34 in., and 
No. 4, of 14 in. Using the deep etching method and 
this chart, the writers have determined the cell size 
of a number of significant irons of this report. Data 


TasBie 17 — Data From CELL S1zE DETERMINATIONS 








Iron Addition Cell Size Iron Addition Cell Size 
T39-1C 1.00% Ca 4 T40-1B Blank 3 
T39-2C 0.75% Ca 4 T40-1B Blank $ 
T40-1C 0.10% Ca 4 T40-2B Blank 3 
T2-C2 0.70% CaSi 8 T2-F2 0.60% FeSi 2 
T24F 0.50% FeSi 3 T24S8 0.50% Si 2 
T34-1A 0.50% Al 2 T34-1B Blank 2 
T34-2A 0.50% Al 2 T34-2B Blank 2 





are presented in Table 17 where the treated irons 
are compared with the corresponding blanks of the 
same horizontal-row. 

Comparison of the irons and the blank or un- 
treated irons of the first three rows shows that 
calcium additions caused a decrease in cell size. 

Iron T2-C2 was inoculated with calcium silicon and 
iron T2-F2 with a ferrosilicon which contained a low 
content of Ca (0.25 per cent). The calcium-silicon 
produced a reduction in cell size as compared with 
the iron inoculated with the ferrosilicon. 

Iron T24-F was treated with a high active-metal 
FeSi (0.46 per cent Ca), and iron T24-S with pure 
silicon. It is apparent that the ferrosilicon containing 
some active metal is capable of effecting a reduction 
in cell size. 

Consideration of the aluminum-treated irons and 
the corresponding blanks in the last two rows of the 
table leads to the conclusion that aluminum addi- 
tions had no influence on cell size. 

These data indicated that the addition of an ef- 
fective inoculant brings about a reduction of cell size. 


Decarburization by Calcium 

During the experiments in which calcium was added 
to the ladle, either as calcium metal or as calcium- 
silicon, a tendency toward lower carbon content in the 
treated irons was observed. When the calcium addi- 
tion was larger, the amount of carbon lost was meas- 
urable and consistent. Table 18 gives some data 
obtained with calcium-treated irons as compared 
with some blanks ladles from the same heat. 


TABLE 18 — DECARBURIZATION BY CALCIUM 








ADDITIONS 
Carbon Content, % 
Ca Added, Blank Ladle Treated Ladle C Loss 

% 

1.11 3.08 2.84 0.24 
1.00 2.91 2.72 0.19 
1.00 3.04 2.87 0.17 
0.75 2.85 2.73 0.12 





After cooling, the ladles to which calcium or cal- 
cium-silicon additions were made were found to be 
coated with a gray powder. When moistened, this 
powder evolved a gas which burned and which pos- 
sessed an odor characteristic of the acetylene gas 
produced by moistening commercial calcium carbide. 

These observations indicate the formation of a car- 
bide of calcium of high stability and low solubility 
in gray iron melts treated with calcium or alloys con- 
taining calcium, and suggest the possibility of calcium 
carbide formation being involved in the inoculation 
mechanism. 

Data on sulphur analysis indicate that the addi- 
tion of 1 per cent Ca has a slight desulphurizing 
effect, reducing the sulphur content by about 0.01 
per cent. 


Summary and Discussion 


The experiments of this report indicate that the 


production of Type A graphite by inoculation is 
primarily a process of the addition of active metals 
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rather than a matter of the addition of silicon. Al- 
loys (such as certain grades of ferrosilicon and silico- 
manganese) which are very low in their aluminum 
and calcium contents, and the element silicon were 
without value as inoculating agents. The effectiveness 
of the alloys investigated increased with increasing 
calcium and aluminum content, the most effective 
alloy being calcium-silicon with approximately 30 per 
cent calcium. 

Experiments with pure aluminum additions of from 
0.07 per cent to 0.5 per cent showed that aluminum 
did not improve the graphite distribution, but tended 
to decrease chilling tendency. 


Calcium additions of from 0.10 to 1.00 per cent of 
the pure metal produced Type A graphite and a 
marked improvement of the mechanical properties. 
Calcium additions decreased chilling tendency. Irons 
treated with calcium or with alloys containing appreci- 
able amounts of calcium showed a reduction of eutectic 
cell size. 


It was demonstrated in these experiments that the 
larger additions of calcium produced a decarburiza- 
tion of iron melts, apparently by the formation of 
calcium carbide of limited solubility in the molten 
iron. 

Calcium additions were distinct in their effects 
from aluminum additions. Addition of aluminum gave 
no evidence of carbide formation or of desulphuriza- 
tion, and produced little or no effect on graphite 
distribution. According to investigators working with 
the production of nodular iron, magnesium is a potent 
desulphurizer, and certainly does not contribute to 
the formation of Type A graphite. That calcium 
should differ from aluminum and magnesium in show- 
ing a tendency for carbide formation is consistent 
with thermodynamic data presented by Richardson,8 
where it is shown that the tendency of calcium to form 
a carbide of high stability is greater than that for 
aluminum, magnesium, and silicon. Differences in the 
tendency of the several active metals to form car- 
bides, nitrides, and sulphides may finally provide an 
explanation for the different effects of these elements 
on graphite distribution, and for the inoculation 
mechanism in general. Thermodynamic data furnished 
by Richardson and Jeffes® would indicate that both 
calcium and magnesium have a high tendency for 
the formation of sulphides. The lesser tendency of 
calcium toward desulphurization of cast iron melts 
may be a result of the greater tendency of this ele- 
ment for carbide formation. The writers are aware of 
the necessity for further information on the concentra- 
tion and activity of the inoculating metals in the 
iron melts before the thermodynamic approach to the 
solution of the problem becomes a possibility. It does 
no harm, however, to point out that the present 
limited data of a thermodynamic nature in the litera- 
ture are not inconsistent with the findings of this in- 
vestigation. 

The temptation to explain the effect of calcium on 
graphite distribution by a mechanism involving cal- 
cium-carbide is difficult to resist. The fact that cal- 
cium additions effected a reduction of eutectic cell 
size suggests the possibility of nucleation of eutectic 


INOCULATION OF Gray CAsT IRON 


solidification by calcium carbide, with an attendant in- 
fluence on graphite formation during eutectic solidi- 
fication. Another possibility is the adsorption of car- 
bide at the metal-graphite interface resulting in sur- 
face energy changes. 

The experiments with the silicon-manganese- 
zirconium alloy containing approximately 2 per cent 
calcium and 5 per cent zirconium showed that these 
alloys were more effective than ferrosilicon but less 
effective than calcium-silicon in improving mechan- 
ical properties and graphite distribution. The role 
played by the zirconium in these alloys is difficult 
to evaluate. The writers have attempted to inoculate 
melts with pure zirconium but have not been suc- 
cessful in dissolving the metal. Morrogh and Wil- 
liams’ have claimed that zirconium alloys of the gen- 
eral composition of the alloy employed in these ex- 
periments promote the formation of Type D graphite, 
presumably with an adverse effect on mechanical 
properties. This is contrary to the findings reported 
here and to the opinion of metallurgists in this 
country regarding the effect of these alloys. The cause 
of this discrepency may lie in the low sulphur content 
(0.011 per cent) of the iron employed in the experi- 
ments of Morrogh and Williams, or in a difference in 
the alloys with respect to calcium content which was 
not reported for the alloy employed by these in- 
vestigators. 

The subject of the relation of the sulphur content 
of the irons to the effect of inoculants is one that 
merits further investigation. 

The thermodynamic data presented by Richardson® 
indicate a strong tendency for the formation of a 
zirconium carbide of high stability. This suggests the 
possibility of zirconium carbide playing a part in in- 
oculation. 


Conclusions 


The conclusions of this report are based on ex- 
periments with high strength, indirect-arc electric fur- 
nace irons. The relatively low-carbon high-strength 
irons were selected for this investigation because of 
their tendency toward unfavorable graphite distri- 
bution and their sensitivity to inoculation additions. 

Specific conclusions and observations from this re- 
port are: 

1. The element silicon was not effective as an in- 
oculating agent. 

2. Silicomanganese, which was relatively free of cal- 
cium and aluminum, was not effective as an inoculant. 

3. The inoculating ability of various commercial 
grades of ferrosilicon increased with the calcium and 
aluminum contents. Low-calcium grades had very little 
effect. 

4. Silicon-manganese-zirconium alloys containing 
somewhat more calcium than is found in commercial 
ferrosilicon were more effective than ferrosilicon. 

5. The most effective inoculant for the improve- 
ment of mechanical properties in these experiments 
was the calcium-silicon alloy with approximately 30 
per cent calcium. 

6. Metallic calcium additions to the ladle brought 
about marked improvements in mechanical properties 
and graphite distribution. With the exception of 
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calcium-silicon, calcium was superior to all other in- 
oculating agents tested in these experiments. 


7. Metallic calcium was effective in reducing chill- 
ing tendency. 

8. Calcium was effective in reducing the cell size 
of cast iron microstructures. 


9. Calcium additions effected a reduction of the 
carbon content of molten iron by formation of a 
carbide of low solubility, and it is suggested that 
calcium carbide is involved in the mechanism of 
Type A graphite formation. 


10. Although aluminum was a powerful chill re- 
ducer, its addition to cast iron did not promote Type 
A graphite distribution. This indicates that chill re- 
duction is not necessarily associated with an improve- 
ment in graphite distribution. 
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DISCUSSION 


Chairman: R. A. Finn, University of Michigan, Ann Arbor, 
Mich. 


V. A. Crossyl (Written Discussion): This subject has been 
approached from the generally accepted understanding of the 
phenomenon of inoculation of gray cast iron. In view of the 
fact that inoculation means different things to different people, 
there will likely be a generous amount of discussion concerning 
the conclusions submitted. 


In arriving at these findings use was made of pure calcium, 
pure silicon and pure aluminum in comparison with other com- 
mon types of inoculants. It seems strange indeed that aluminum 
is not an inoculant — silicon is not an inoculant — iron is not 
an inoculant, and yet when all three are combined into com- 
mercial ferrosilicon, we have an inoculant. 


The little of calcium is not the key to the whole situation. 
If so, why have we used ferrosilicon with so little calcium in it 
for so many years? 


In making comparisons between the effects produced by the 
use of ferrosilicon (FeSi) and calcium silicide on the basis of 
equal silicon additions, other potent factors involved in inocula- 
tion were overlooked. The potent effect of calcium itself was 
completely disregarded. 


It occurred to me that a more practical basis for comparison 
would have been on equal reduction of chill. It usually takes 
about four times as much silicon (as 75 per cent Si) as CaSi to 
do equal chill reduction. If such had prevailed in Table 1, we 
believe the results in Table 2 would have been quite comparable. 


We note that 0.35 per cent CaSi is used against 0.30 FeSi. The 


1. Climax Molybdenum Company, Detroit, Michigan. 
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Fig. 1b— Heat no. 1234, X500—2 per cent nital etch. 


Fig. 1 — Effect of late additions of silicon on microstructure. 











Fig. 2a — Heat no. 1235, X100 unetched. 
Fig. 2 — Effect of late additions 


TABLE 1 — PuoysicAL Properties DATA ANALYSIS FOR 
Fics. la AND Ib. 





Chemical Analysis Physical Properties 





T.C. 3.07 - 3.09% T.T., Ibs. 2,266 - 2,332 
C.C. 58% Def., in. 187- .194 
G.C. 2.50% B.H.N. 228- 228 
Mn 88% TS., psi 35,650 - 38,650 
Si (original) 2.17% B.H.N. 20- a 
(late) a 
(total) 2.17% 





TABLE 2— PuysicAL Properties DATA ANALYSIS FOR 
Fics, 2a AND 2b. 





Chemical Analysis Physical Properties 





T.C. 3.04 - 3.04%, T.T., lbs. 2,840 - 2,895 
C.C. 63%, Def., in. 314- 335 
Gc. 2.41%, B.H.N. 217- 217 
Mn 89% TS., psi 47,600 - 47,500 
Si (original) 1.00% B.H.N. 212- 212 
(late) 1.15% 
(total) 2.15% 





chill reduction as shown in Table 2 shows that insufficient FeSi 
was used. 


The largest consistent user of CaSi in gray iron practice 
cautions against the use of more than 64 oz per ton. This is 
four pounds or 0.20 per cent CaSi per ton maximum. With such 
a limitation in practical usage, one could discount the carbon 
reduction resulting from calcium additions shown in Table 18. 


The prevalent odor of acetylene in freshly fractured speci- 
mens of gray iron treated with CaSi has given rise to the thought 
that perhaps the retained calcium in the cast iron could be 
determined. Perhaps more light would be thrown on the sub- 
ject as a result of the ‘findings. Did the authors make any 
attempt to do this? 


To illustrate the potent effect of inoculation with ferrosilicon, 
we show two electric furnace synthetic gray iron heats. A com- 
parison is shown between original and late silicon additions. All 
irons are section sensitive and subject to alteration by inoculants. 
The information shown is based on test bar of 1.2 in. sections. 
It is highly improbable that any beneficial mechanical affects 
are accomplished with an original random-type graphite present. 


INOCULATION OF Gray Cast IRON 





Fe once 
ak gone 





Fig. 2b — Heat no. 1235, X500 —2 per cent nital etch. 


of silicon on microstructures. 


AUTHORS' CLOSURE: 


The data presented by Mr. Crosby on inoculation with ferro- 
silicon is in good agreement with the data in our paper in 
tables 9 and 10. Our data show that the high active metal grade 
of ferrosilicon has appreciable inoculating effect. We do not 
state that all grades of ferrosilicon are without value as inocu- 
lants, but we are directing attention to the fact that the inocu- 
lating power of silicon alloys increases with the active metal 
content. In tables 9 and 10 we also presented data showing 
that a certain grade of ferrosilicon, which is low in active 
metal content, has a negligible value as an inoculant. Has Mr. 
Crosby overlooked these data? 


In this paper we have deplored the practice of presenting 
data on the inoculating power of ferrosilicon without includ- 
ing the analysis of the alloy with respect to the active metal 
content. The data presented by Mr. Crosby, which has been 
available in an AFS handbook, would be more significant if 
the analysis of this inoculating alloy with respect to aluminum 
and calcium had been included. 


We have concluded that the element silicon is not an inoculant 
for low carbon, electric furnace irons. This conclusion is based 
on experiments in which it was demonstrated: 


1. That additions of pure silicon (99.8% Si) were not effec- 
tive in altering structure and properties. 


n 


. That certain grades of ferrosilicon, low in active metal 
content, had negligible value as an inoculant. 


8. That certain silicon-manganese-iron alloys which are rela- 
tively free of aluminum and calcium were without effect 
as inoculants. 


4. That the inoculating value of silicon alloys increased with 
the active metal content. 


We do not state, as Mr. Crosby implies, that aluminum does 
not contribute to inoculation. However, it appears that the 
amounts of aluminum that we have employed serve to reduce 
chilling tendency rather than to alter graphite structure. The 
reduction of chill is an important part of inoculation. 


Mr. Crosby discusses our basis for comparison of the various 
alloys in which we used such amounts that the silicon pick-up 
and final silicon content of the iron was the same in all cases. 
We employed this basis because we wished to demonstrate that 
inoculation is not primarily a matter of addition of silicon but 
is a matter of the addition of active metals. We are confidant 
that whatever the basis of comparison, the final conclusion would 
be the same — that inoculating power increases with active metal 
content. It appears to us that Mr. Crosby is agreeing with this 
contention when he says that calcium-silicon and calcium do a 
much better job of inoculation. 
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Mr. Crosby comments on our statement suggesting an increased 
amount of inoculant for electric furnace irons where a maximum 
in properties and a minimum chilling tendency are desired. The 
specific amount of alloy to be employed is dependent on cir- 
cumstances. We are aware of certain practical considerations 
involved in the use of large amounts of high calcium alloys — 
such as the production of a voluminous layer of light metal 
oxides on the surface of the molten iron with attendant difficulty 
in skimming and the possibility of dirty castings. No difficulty 
of this kind was experienced in our work in which we employed 


large additions of CaSi, and poured the iron into dry sand molds 
with well choked gates. No adverse effects were observed which 
could be attributed to the presence of larger than normal 
amounts of calcium in the molten iron. We consider it of 
theoretical interest that increasing additions of calcium as cal- 
cium silicon continue to improve microstructure to the point 
where type A graphite can be obtained to the surface of 1.2 
inch section castings. Our observation has been that some 
foundries have been using too little rather too much of the 
various inoculating alloys. 








USE OF FRACTIONAL FACTORIAL DESIGNS 
IN SINTERING EXPERIMENTS 


By 


C. J. Davis* and J. D. Hromi* 


Introduction 


For many years, sintering was done in the steel 
industry only to convert flue dust, an otherwise 
waste material, into an agglomerate that could be 
charged back into the furnace. This salvaging opera- 
tion received little attention from the blast-furnace 
operators and, as a result, the product of the sinter- 
ing plant often left much to be desired as a blast-fur- 
nace charge material. 


Recent blast-furnace tests, including those by Elliot! 
at Appleby-Frodingham, and by Sundquist? at Gary, 
have pointed up the increased production rates and 
decreased coke rates that can be realized through the 
use of a high percentage of sinter in the blast-furnace 
burden. These tests have emphasized the importance 
of the sintering process to the steel industry. The 
necessity for agglomeration is further stressed by the 
increasing amount of fine ore now being received. 
Plants having no sintering facilities are now planning 
to build sintering machines, and plants that already 
have sintering machines are striving to increase the 
productivity of their machines and to improve the 
quality of their product. 

Even though a large amount of information has 
been published about the sintering process, it became 
evident that the effects of many of the sintering-plant 
variables had not been investigated to the extent re- 
quired for properly designing new sintering facilities. 
For this reason, the United States Steel Corp. Applied 
Research Laboratory has undertaken an extensive ex- 
perimental program to evaluate the quantitative 
effects of many of the sinter-plant variables. 


The problem of making a quantitative evaluation 
of the effects of several sinter-plant factors on the 
net production rate of sinter is typical of the prob- 
lems for which a controlled comparative experiment 
can be planned. This is an experiment in which the 
investigator fixes the levels (given values or condi- 
tions) of the independent variables. In conducting a 
comparative-type experiment, one has the choice of 


*Applied Research Laboratory, United States Steel Corp., 
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varying one factor at a time or of varying more than 
one factor at a time. 

The “classical experimenter” would make the first 
choice; we at the laboratory almost always make the 
second choice. The classical concept of experimenta- 
tion does not permit us to use all the responses or 
values of the dependent variable in making each con- 
clusion. Nor does this concept afford us the oppor- 
tunity to see whether the effect or change in response 
due to one factor is the same for all levels of another 
factor. The modern concept of experimentation has 
none of these disadvantages; hence, the factorial 
experiment as developed by Fisher? about 30 years 
ago is more efficient. Since all the observations are 
used in drawing each conclusion, each inference can 
be made with increased precision. The factorial 
experiment also enables the investigator to evaluate 
interaction effects if they exist. 

Interaction effects appear when the behavior of the 
responses for one factor is not the same at all levels 
of another factor. The factorial designs are by no 
means the only designs available to the experimenter. 
Many plans, too numerous to mention, have been 
developed by Kempthorne,* Cochran and Cox,5 
Davies,* Box,7? and others. In this paper, however, 
we shall limit our discussion to the use of factorial 
designs; more specifically, fractional factorial designs. 


Planning Complete and Fractional 
Factorial Experiments 

Experience has taught us that experiments when 
repeated do not often produce the same set of re- 
sults. A measure of this variation in the results of re- 
peated tests or runs is the standard deviation, %. It 
is possible to detect first-order or main effects having 
magnitudes of three or four standard deviations by 
making only a few runs. The smaller the effect we 
hope to discover, the greater the number of experi- 
mental runs we must make. 

If we let *, be the standard deviation of the re- 
sults from runs made under a particular set of con- 
ditions, then, with 95 per cent certainty, effects as 
large as’, can be measured within +*,/2 with 64 runs, 
effects as large as 2%, can be measured with +%, 
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vith 16 runs, and effects as large as 4%, can be meas- 
ired within +2%, with four runs.6 Other rules for 
determining the size of an experiment are discussed 
in most statistical textbooks. 

Let us assume that only eight runs are required 
for us to measure large effects with some degree of 
precision. Then we may plan to do the experiment 
as outlined in Table 1, where A, B, and C represent 
three factors in our hypothetical experiment. 

The eight runs proposed in Table 1 constitute a 
23 experiment in which three factors can be studied 
at two levels each. Every run can be denoted by a 
combination of the factors (often referred to as a 
“treatment combination”) for a given level of each 
factor. For instance, treatment combination abc is 
the combination of factors in which each factor is 
at its upper level. The run in which factor A is at 
the high level, factor B is at the low level, and factor 
C is at the high level can be denoted by “ac”. Thus, 
the presence of a letter in the combination denotes 
the high level of the factor, and the absence of a 
letter from the combination denotes the low level of 
that factor. When all factors are at the low level, 
that particular run is symbolized by (1). The 23 
experiment is a special case of the 2" class of experi- 
ments in which n factors each at two levels are con- 
sidered. 

In the 2" type of experiments, the effects are esti- 
mated by comparing the observed values correspond- 
ing to two sets of runs. For example, the A effect is 
estimated from the difference between the observed 
values for the treatment combinations in which fac- 
tor A is at the high level and for those combinations 
in which factor A is at the low level. In a 23 experi- 
ment, this estimate is 4 (a+ ab-+ac-4 abc—(l) 
—b—c-—bc), where the letters represent the observed 
values for the indicated treatment. 

The AB interaction, or the difference in the A 
effect at each level of factor B, is estimated as \%4 
(ac + abc — b— be —a—ac-+ (1) + c). Seven such con- 
trasts can be estimated for a 2% experiment. In gen- 
eral, the complete investigation of the effects pro- 
duced by the variation of n factors from one level to 
another, in the context of all possible combinations of 
the other n-1 factors, would require 2" runs. The 
number of main effects and of low-order interactions 
is listed for several 2" factorial designs in Table 2. 
It can be shown that (2"—1) conclusions may be drawn 
from a 2" experiment. A technique for obtaining the 
(2"—1) conclusions from a 2" experiment was devised 
by Yates.6 This technique is illustrated for a 23 ex- 
periment in table 3. 

To evaluate effects from Table 3, the sum of the ex- 
perimental values for those treatments indicated by a 
minus sign is subtracted from the sum of the observed 
values indicated by a plus sign. Dividing the difference 
by four gives the average effect or contrast. For 
example, the estimate of the average BC effect is 
Y% [{(1) + a + be + abc} — {b + ab + c + ac}}]. 
Table 3 is quite easy to construct. For the main 
effect of any factor, a plus sign is placed opposite 
each treatment combination in which that factor 
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appears at the high level and a minus sign is placed 
opposite each treatment combination in which that 
factor appears at the low level. The signs under each 
interaction are the algebraic products of the signs 
under the corresponding main effects. The construc- 
tion of Table 3 is covered in greater detail in a num- 
ber of statistical textbooks. 

Now let us assume that of the eight runs shown in 
Table 1, we are only able to obtain responses for 
treatment combinations a, b, c, and abc, a balanced 
fraction of the complete set of runs. To measure the 
A effect, then, we would take 4 (a+ abc—b—c). 
This average contrast is one half as precise as the esti- 
mate that can be obtained from the values observed 
for the complete set of runs. A close look at Table 3 
reveals the fact that 14 (a + abc — b—c) also estimates 
the BC interaction. Similarly, 14 (abc + b—c—a) 
estimates B and AC, and \% (abc + c — b—a) estimates 
C and AB. Therefore, one half the effects would be 
inseparable from the remaining effects; that is, each 
effect is confounded with another effect. We can say 
A is confounded with BC, or BC is an alias of A. 
Table 4 shows each effect and its alias. 




















TABLE | 
Treatment 
Run Combination 
l (1) 
2 a 
3 b 
4 c 
5 ab 
6 ac 
7 bec 
8 abc 
TABLE 2* 
Number of Factors, n 
Effects 2 3 4 5 6 7 8 
Main 2 3 4 5 6 7 8 
Two-factor interactions l 3 a ue 6 lO 
Three-factor interactions l 4 10 2 3 56 
70 
56 


Four-factor interactions 1 5§ 15 3 
Total number of runs 4 8 16 32 64 128 2 
*A more extensive table is given by K. A. Brownlee.8 























TABLE 3 
Effect 
Treatment A B C AB AC BC ABC 
(1) = = + + - 
a + - - i = + + 
b _ ~ - ~ + ~ + 
ab + + - + ~ - -- 
c - -- 7 + ~ - + 
ac + ~ + “as + ~ _ 
be — + + ~ - . - 
abe + . . . + + + 
TABLE 4 
Effect Alias Effect 
A BC 
B AC 
Cc AB 
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TABLE 5 
Alias Treatment Combinations 

Effect Effect efg ade bdf abg cdg acf bce abcdefg 
A - + - + — + - + 
B - - + + _ — + + 
c _ _ = ~ + + + + 
AB G + _ -- + + — _— + 
AC t + — + ~ ~ aa — + 
BC E + + - — - _ + + 
ABC D ~ + oo - + — - + 





This means that the main effects are confounded 
with the two factor interactions when only the values 
from combinations a, b, c, and abe are considered. 
These runs constitute a half-replicate of a 23 factorial 
design. This design has little or no practical value; 
it was used for illustration purposes because of its 
simplicity. 

Table 2 demonstrates the rapid increase in the size 
of the experiment with each increase in n. From the 
standpoint of economy and practicability, it is obvi- 
ous that the number of experimental runs becomes 
prohibitive. Also, the larger experiments provide the 
investigator with information on high-order interac- 
tions that are likely to be negligible and of no inter- 
est to him. Thus, when six or more factors each at 
two levels are involved, it is often desirable to plan a 
smaller experiment. With eight runs, it is possible to 
design 24-1, 25-2, 26-3, and 27-4 factorial experiments 
without confounding the main effects with each other. 
The proper treatment combinations for each of the 
aforementioned fractional replicates can be developed 
from Yates’ table as shown in Table 5. 


To develop a 24-1 fractional experiment, confound 
D with ABC; and to obtain the appropriate treat- 
ment combinations, add the letter d to each treat- 
ment combination for which there is a plus sign in 
the ABC column in Table 3. The treatments, effects, 
and alias effects for this 24-1 fractional factorial ex- 
periment can then be listed as shown in Table 6. 

















TABLE 6 
Treatment Alias 
Combinations Effects Effects 

() 

ad A BCD 

bd B ACD 

ab AB cD 

cd Cc ABD 

ac AC BD 

be BC AD 

abcd ABC D 

TABLE 7 
Treatment Alias 
Combinations Effects Effects* 

e ABCD — ADE —= BCE 
ade A BCD — DE — ABCE 
bd B ACD = ABDE —CE 
ab AB CD=BDE —=ACE 
cd Cc ABD = ACDE — BE 
ac AC BD—=CDE —ABE 
bce BC AD—E = ABCDE 
abcde ABC D=BCDE — AE 


*The equals sign indicates that the alias effects are also con- 
founded with each other. 


To develop a 25-2 fractional experiment, confound 
E with BC and D with ABC; and to obtain the 
appropriate treatment combinations, add the letter 
d to each treatment combination for which there is 
a plus sign in the ABC column in Table 3 and add 
the letter e to each treatment combination, for 
which there is a plus sign in the BC column in the 
same table. Table 7 shows the treatments, effects, and 
alias effects for this 25-2 fractional factorial experi- 
ment. 

Note that in the 25-2 fractional factorial experi- 
ment there are three alias effects for each effect. In 
general, in a 2"-™ fractional factorial experiment there 
are (2™-1) alias effects for each effect. 

Other fractional factorial designs can be developed 
for 8-run, 16-run, 32-run, and 64-run experiments. 
It must be remembered, however, that the more 
highly a 2" factorial design is fractionated, the more 
complex is the confounding pattern. In our sintering 
experiment, 32 runs were made to evaluate the 
effects of fourteen factors, thirteen at two levels and 
one at four levels. The latter factor was treated as 
two pseudo-factors each at two levels, making this a 
215-10 factorial experiment. 

The proper treatment combinations for our experi- 
ment were carefully determined from a Yates’ table 
for a 25 factorial experiment. These are shown in 
Table 8. 

To show here the development of the treatment 
combinations and the development of the many 
aliases for each effect would consume too much time. 
It can be told. however, that the main effects are 
confounded with interactions representing an odd 
number of factors and that the two-factor interac- 
tions are confounded with interactions representing 








TABLE 8 
Run* ‘Treatment Run* Treatment 

] abdegkno 17 acegjlo 

2 cdefnop 18 acdghmn 

3 abghjklm 19 cdghklop 

4 dehjlmno 20 bedjkin 

5 abcdefghjkImnop 21 acdefklm 

6 bcehkmo 22 befjklop 

7 bghjnop 23 adfgjlnp 

8 cegjkmnp 24 befgimno 

9 abcdjmop 25 dfgjkmo 
10 efghkIn 26 bedefghj 
1] cfhjlmp 27 acfhjkno 
12 akIlmnop 28 aefghmop 
13 (1) 29 bdegimp 
14 = abcfgkp 30 = abefjmn 
15 abcehInp 31 adehjkp 
16 bdfhkmnp 32 abdfhlo 


*The order of the runs is random. 
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an even number of factors. For example, two-factor 
interactions are confounded with other two-factor in- 
teractions. At this point, it should be seen quite read- 
ily that a factorial] experiment as highly fractionated 
as ours can serve only as an exploratory experiment. 


Experimental Procedure and Discussion 
of the Results 

A 215-10 fractional factorial was employed as a 
screening device to determine which of the many 
factors included initially should be studied more ex- 
tensively in succeeding experiments. The actual ex- 
perimental work is carried out as a batch operation 
on pilot-scale equipment. The batch-type sintering 
unit used has an area of 4 sq ft, and it closely follows 
the design in use at the Research Laboratory of the 
Oliver Iron Mining Div. of the United States Steel 
Corp. 

In operating the unit, raw materials from their re- 
spective stockpiles are weighed and placed in layers 
on a belt conveyor to simulate feed conditions in a 
commercial sintering plant. Moisture additions are 
made as the sinter mix is fed to the mixer. The mixed 
material is then placed in the sintering unit and is 
ignited by a gas burner which is large enough to cover 
the entire 4-sq ft surface. The ignition burner is sus- 
pended on a swinging boom so that it can be re- 
moved easily from the work area after the ignition is 
completed. Air is drawn through the sinter bed by 
a fan rated at 2000 standard cfm at 40 in. of water- 
gauge. 

For each test, the suction in the wind-leg is con- 
trolled by varying the fan motor speed and/or vary- 
ing the opening of a bleed valve. The exhaust gases 
pass through a dry cyclone dust collector for cleaning, 
through an orifice for flow measurement, and through 
the fan to be discharged to the atmosphere. Dur- 
ing sintering, the exhaust-gas temperature in the wind- 
leg is measured to determine the completion of burn- 
ing. The sintering time is the elapsed time from the 
start of ignition until the wind-leg temperature reaches 
a maximum. The finished sinter is dumped from the 
sintering unit into a collecting pan where it is allowed 
to cool. 

The dependent variable investigated in this study 
was the net production, defined as the weight of sin- 
ter coarser than eight mesh after three ASTM tumb- 
ler revolutions minus the weight of plus eight mesh 
sinter returns used in the sinter mix. The independ- 
ent variables or factors studied in this experiment 
were wind-leg suction, type of mixing, per cent mois- 
ture, per cent carbon, bed depth, ore blend, and 
others. 

Once an effect is estimated, some basis must be 
used for judging whether the observed changes in re- 
sponses are real. The technique used to facilitate the 
analysis and interpretation of the experimental data 
is the analysis of variance. This technique enabled 
us to make these judgements with a high degree of 
confidence. The experimental results indicated that 

r cent moisture, wind-leg suction, and bed depth 
influenced the net production as shown graphically 
in Figs. 1 through 3. Increased wind-leg suction im- 
proved net production. There was also an increase 
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Fig. 1 — Effect of moisture on net production. 
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Fig. 2 — Ettect of wind-leg suction on net production. 
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Fig. 3 — Eftect of bed depth on net production. 
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in net production that corresponded to an increase 
in per cent moisture. Additional improvement in net 
production could be attributed to greater bed depth. 


Summary 

Because of the increasing fineness of most available 
iron ores, a better understanding of agglomerating 
processes used to transform these fines into suitable 
blast-furnace charge material has become very im- 
portant. The sintering process is currently undergo- 
ing extensive experimental study at the United States 
Steel Corp. Applied Research Laboratory. In view of 
the many different ores available and the numerous 
factors that are thought to influence the quantity and 
quality of the sinter produced, and the use of classical 
experimental techniques (varying ome factor at a 
time) was found to be inefficient. To reduce the 
amount of experimentation and to permit experi- 
mental conclusions to be stated with a known degree 
of uncertainty, fractional factorial designs have been 
used in the sintering experiments. To judge whether 
the effects estimated from these experiments are real, 


FACTORIAL DESIGNS IN SINTERING EXPERIMENTS 


the experimenter has used the analysis of variance 
technique. This development allows the investigator 
to make the judgements with a predetermined degree 
of confidence. 
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ECONOMICAL CASTING DESIGN AND PRODUCTION 


By 


George W. Schuller* 


ABSTRACT 
Reduction of casting costs without sacrificing quality 

is a moving target which can only be hit by well-de- 
signed castings. A compromise in thinking by all persons 
concerned is the key to good design coupled with 
economy. Design engineers, patternmakers, foundry- 
men, and machinists must blend their ideas for pro- 
ducing an engineered casting by literally “exchanging 
heads.” 

Although many of us specialize in the design or 
manufacture of castings, I am not so sure that any one 
of us has all the answers for the best design or the 
best manufacturing process in terms of the best 
economy. The engineer may design a casting to be 
mechanically satisfactory for its function. He may 
have simplified every mechanical detail only to find 
that the casting is too complex and costly to produce 
in the foundry. 

I am quite sure that the manufacturer is desirous 
of getting the most for his money. This means that 
everyone concerned, from the designer to the machine 
shop superintendent must “exchange heads,” so to 
speak, to get the most for the least cost. 

How many times have the foundrymen criticized a 
casting design and wondered why the engineer desired 
certain contours and shapes that are costly to pro- 
duce? How many times have the foundrymen wished 
the engineer had a little more foundry understanding 
so he would know when heavy sections or thin sec- 
tions should be used for economical foundry practice? 
Yes, criticism of casting design can be done by many. 
Just about any casting or casting design is possible 
to make — at a price! Whether this price is profitable 
when quantities of the same casting are desired be- 
comes a point for study of all phases of processes. 

To reduce and control these prices and costs is the 
basic theme of good casting design. The cheapest 
method is not necessarily the best approach to pro- 
duce what is considered a _ well-designed casting. 
Neither is the most expensive method the answer. A 
compromise of thinking by all people from the de- 
signer to the machinist and even the assembler is 
absolutely essential. In other words, we must “ex- 
change heads.” 

When this is done we arrive at control. When con- 
trol is practiced so as to overlap into the next person’s 
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thinking or problem we begin to arrive at economy. 
When all people have explored all their methods of 
controlled economy, and relayed their thinking to 
the engineer or designer, then we arrive at a com- 
promise in casting design that is acceptable by all 
and considered to be well designed to produce 
quantities economically. 

Some types of castings, however, must be produced 
exactly as specified by the engineer with little or no 
suggested compromise by other people. Many castings 
needed by the aircraft industry necessitate close cast- 
ing tolerances and possibly intricate coring regardless 
of cost. Changing the design to simplify molding may 
be entirely impossible. The suggested “filling in” or 
extending of bosses or pads to eliminate coring or 
loose pieces in the pattern equipment may add weight 
to the casting and completely defeat the purpose for 
which it was intended. 

This type of casting and any that do not lend them- 
selves to possible “compromise thinking” fall in a 
class by themselves, and in many cases are costly to 
produce. They are specialized castings and many times 
require special and unusual casting techniques, This 
type of casting and others such as large machine bases, 
columns, huge turbine castings, etc. usually are manu- 
factured by specialized foundries equipped for this 
type of work only. Days or even weeks may be neces- 
sary to produce one such casting. Although much care 
and study must be exercised to avoid scrapping such 
castings, the writer prefers to confine this discussion 
to the design of castings made in most foundries 
throughout the country. 

How, then, is a good casting design accomplished 
so quantities can be made with economy? Once the 
designer has a drawing of his casting or part, all key 
people responsible for manufacturing of the part 
should not hesitate to “exchange heads.” The designer, 
planner, tool designer, foundryman, etc., should con- 
solidate their thinking so a finalized drawing can be 
completed and cleared by the engineer. The foundry- 
man, above all, has a great responsibility in finalizing 
a design. Castings may be produced in poor design 
and quality if he has not done his job. Many en- 
gineers are not too familiar with general foundry 
practice and procedures and welcome the foundry- 
man’s comment or criticism. As a matter of fact, in 
our plant some engineers approached the foundry 
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training personnel to present a session of classroom 
instruction on foundry practice that they could at- 
tend after working hours, and the attendance was 
terrific. Yes, the foundryman is a key man in good 
casting design. 


The Foundryman’s Interests 


Though foundrymen may consider many elements 
essential to produce good castings economically, the 
following three basic rules considered are most im- 
portant. 


Plan for a Sound Casting 
Four major points to remember are shown in Fig. 1. 


In line “a” the sketch on the left of each pair of 
Fig. 2— Simple design, but function deter- illustrations may well be the original design of a 

mines casting cost. casting, while the sketch on the right could be the 
suggested improvement. 

In Fig. 1, line “b,” the sketch on the left of each 
pair of illustrations could be a heavy isolated boss 
or section of metal, while the right-hand sketch sug- 
gests an improved condition so a “risering” or “feed- 
ing” system can be used. Feeding heavy sections is 
much more desirable than the use of chills if the de- 
sign can be changed to accommodate a reasonable 
risering system. 

The cross-section shown in line “b” is a 13-in. 
diameter by 7-in. high pulley. Three belt grooves are 
turned in the O.D., each being %%-in. wide by %4-in. 
deep. The wall between the upper and lower belt 
Fig. 3— Lett —Sound, dense casting fed by large riser. grooves is 7%4,-in. thick. The wall connecting the center 
Right — Shrink and porosity result of insufficient risering. hub with the belt grooves is 14-in. thick to accom- 

modate a series of tapped holes. The foundryman 

could cast the grooves solid creating 114-in. thick sec- 

Rr oO tions of metal with 7%,-in. thick walls between them, 

ae or core grooves allowing ample finish. The latter 

leaves little area on which to add any gating system. 

In Fig. 1, line “c,” the two sketches on the left are 

overemphasized illustrations to show transition from 

thin to heavy-sectioned walls. If actual castings were 

GATING LOCATION made similar to these overemphasized illustrations 

and risered on heavy end, the castings would be 








Fig. 4 — Design change to allow adequate gating through hub. 
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dense and sound as solidification is progressive and 
fed by riser. The improved sketches show an approach 
to progressive solidification, while the left-hand sketch 
of each pair is the more undesirable design. Line “d,” 
emphasizes the importance of metal selection. Many 
foundry problems were eliminated by the addition or 
removal of some alloys. 

Sometimes the design may appear simple but the 
function of the casting may either increase or decrease 
the casting cost. In Fig. 2 for example, the square 
dimensions 4 x 5-in. are fairly uniform and the design 
is simple. Let us assume the design is for some kind of 
weight casting, or perhaps a spacer. Foundrymen can 
produce this casting in quantities with correct dimen- 
sions. However, if the casting is sawed in half, the 
center portion of the casting may show some porosity 
or shrink and yet be a good commercial casting for 
this particular function. 

On the other hand, assume that the same design 
is to be used as a casting for a hydraulic unit. Many 
holes are to be drilled — some must withstand 1200 
psi of oil pressure. The casting must be sound and 
free of any leaks between drilled holes. Even though 
the casting is the same design as the weight, the 
foundryman has an entirely different problem. He 
must riser or feed the hydraulic casting to a greater 
degree than that necessary for the weight. The alloy 
also probably would be changed. Figure 3 shows a 
sound dense casting on the left with a large riser 
for feeding, while casting on right shows shrink and 
porosity. Note the yield difference between castings. 

Figures 4 and 5 show improvements in design so 
the casting can be adequately gated for soundness. 
In right-hand sketch of Fig. 4 note the improvement 
by changing flanges at junction of hub so adequate 
risering can be used. The left sketch allows no way 
to approach hub through the flange. Figure 5 shows 


Fig. 7— Jacketed manifold as 

originally designed and changes 

made to simplify molding, elimi- 

nate coring, and provide holes for 

cleaning casting and venting 
jacket cores. 
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isolated heavy section in left sketch with improved 
method of feeding on right. 


Plan for Moldability 

How a piece is to be cast or how much thought is 
given to casting design may depend on the number 
of castings required. Although thought is required for 
good design on low-run castings, prime economy is 
achieved in the design for high production. Four 
basic suggestions the foundryman may consider for 
good economical design are: 
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Fig. 5 — Redesign to provide adequate feeding for isolated 
heavy section. 
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Fig. 6 — Cross-sectional view of sand mold showing various 
details for good foundry practice. 
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Fig. 8— Drawing of jacketed 
manifold as prepared by pattern 
designer for patternmaker. 
























Fig. 9 — Jacket and pipe cores. 





Fig. 10 — Pattern designed for use on jolt-squeeze molding 
machine. 





Fig. 11 — Rough jacketed manifold casting ready for painting. 





1) Anticipated daily or monthly requirements are important 
factors for both design and moldability. 

2) Design to simplify pattern and core box partings to eliminate 
or minimize external coring and minimize internal coring. 

3) Provide ample holes to support and locate internal coring and 
provide access for thorough cleaning. 

4) Plan for gas vent hole take-off and possible use of chaplets. 


The foundryman usually likes: 1) pattern and core 
box partings to be as simple as possible; 2) reduction 
in the number of cores needed; 3) ample core support 
and possible addition of holes through which to utilize 
core venting systems if necessary; 4) need for chaplets, 
what type and where they are placed; 5) ample space 
to place the necessary gating or risering system; 
6) proper flask equipment and proper amount of sand 
above the pattern to prevent distortion. Figure 6 is 
a cross-sectional view of a sand mold incorporating 
these desires. 

Figures 7 through 11 show a jacketed manifold as 
originally designed and the changes made to simplify 
molding conditions, eliminate coring and _ provide 
holes for cleaning casting and venting jacket cores. 
In Fig. 7 all dimensions have been removed so 
changes can be noted. This manifold is 6-in. in 
diameter at jacket body and 34-in. long. The casting 
weight is 76-lb. Note the change in the cross section 
of manifold in lower left hand view from round at 
port side to a flat section as shown in section “BB.” 
This was done to lower parting of pattern on port 
side and eliminate long thin fingers of sand parting 
which would have been created had the original de- 
sign been used. 

Heavy line shown in section “BB” and top view 
indicates simplified pattern footing by corrected de- 
sign. Also in end view of manifold note change in 
shape of flange to simplify pattern parting. Two pads 
(one in top view, the other shown by view “DD"’) were 
extended to parting to eliminate coring. Dotted lines 
show original shape. Five holes were added to be 
used for jacket core support, venting and cleaning 
casting. These holes can be noted in long sectional 
view with two holes in bottom or drag side of mani- 
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fold, two in side and one in cope side. Original design 
had only the three small bean-shaped holes on either 
end and one hoie in cope. 

Figure 8 shows the manifold as pattern designer 
has prepared drawing for patternmaker. Dimensions 
have been removed for illustration only. Pattern and 
core box partings are determined, coreprint shapes 
designated and all notes shown as to how pattern 
equipment is to be made. 

Figure 9 shows the jacket and pipe cores. Figure 10 
shows the pattern designed for use on a jolt-squeeze 
molding machine, and Fig. 11 is the rough casting 
ready for painting. 


Minimize All Costs Of Producing Castings 


The foundryman working with the pattern shop 
personnel can do much to improve casting design so 
that better control of castings at lower costs can be 
accomplished. Several suggestions for good design and 
economical production are: 

1) Utilize best equipment or machines in your foundry; 
2) Plan for multicavity molds but do not over-crowd. This may 
cause swelled castings, inefficient gating, shifts, etc., resulting in 
false economy; 3) Simplify all pattern equipment to eliminate 
unnecessary coring, loose pieces in core boxes, and possible special 
equipment; 4) Utilize checking or gaging devices on intricate 
cores or assemblies to avoid scrap castings; 5) Plan for ease of 
cleaning and grinding; 6) Utilize target and checking fixtures 
to grind or mill locating pads on large or complicated castings. 


An example of eliminating a core by extending 
boss to flange is shown in Fig. 12. Loose pieces can 
be eliminated in coreboxes by extending bosses and 
bearings, as shown in Fig. 13. Removal of gates from 
round surfaces is sometimes inaccurate and unsightly. 
The left view in Fig. 14 shows a round surface from 
which gating must be removed, while the right view 
shows a flat area on which gating can be fastened and 
easily removed. 


The pattern shop personnel working in conjunction 
with the foundry people can do much to simplify and 
better casting design. Figures 15 through 18 show 
some drastic changing in design so coring is eliminated 
completely and castings are made in green sand. 


The left view in Fig. 15 shows the bracket as 
originally designed, and the right view shows the 
pattern utilizing a core. The bottom view shows a 
much neater and stronger redesign, eliminating the 
core and simplifying cleaning of the casting. 

Figure 16 (left) shows the fins to be removed with 
cored pattern equipment, while right view shows a 
much neater fin-free casting as redesigned. 

Figures 17 and 18 are wood models made to show 
the engineer the advantage of redesign. The left 
view in each photograph shows the original design, 
while the right view shows suggested redesign to 
simplify molding and eliminate coring. Note the 
coring that would be necessary as originally designed 
for each part. Although the model in Fig. 18 for a 
“rocker arm bracket” shows holes, the casting was 
cast solid. 

Figure 19 shows the 14 x 26-in., two in a mold match- 
plate pattern used to produce the 12-lb rocker arm 
bracket castings. 
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Fig. 12 — Core was eliminated by extending boss to flange. 
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Fig. 13 — Redesign eliminated loose pieces in core box. 
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Fig. 14 — Redesign to improve gate removal. 





Fig. 15 — Top—Design for bracket casting requires coring. 
Bottom—Redesign eliminated core and simplitied cleaning. 
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Fig. 20 — Partly completed four in mold cope and drag equip- 
Fig. 16 — Lett — Cored casting requires fin removal. Right — ment for bracket casting. 
Redesign eliminates core and produces fin-free casting. 





Fig. 17 — Lett — Original design. Right — Redesign = Fig. 21 — Open end “U” or “V” shaped castings have ten- 
plity molding and eliminate coring. dency to spread, for which pattern equipment must compensate. 
Open-end spread on this casting was about *%4¢-in. 





Fig. 18 — Lett — Original design. Right — Redesign of rocker 
arm bracket. 





Fig. 22 — The “U” shaped opening of this thin cover casting 
spread about 549-in. 





Fig. 19— Two in a mold matchplate pattern used for rocker : : 
arm bracket casting. Fig. 23 — Six in line cylinder head casting. 
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Figure 20 shows the partly completed cope and 
drag pattern equipment for the same bracket to be 
used on a jolt-squeeze machine with four in a mold. 

The foregoing outline briefly touched the major 
responsibilities the foundryman must assume in order 
to achieve good casting design. 


The Patternmaker’s Interests 


The pattern shop has and should have a great role 
to play in good casting design. Pattern shop per- 
sonnel must understand foundry practice and tech- 
niques. They must be in direct contact with the 
foundryman to understand and help solve many 
problems. Through the combined efforts of each, the 
result of good casting design becomes a reality. It is 
certainly true that a casting is no better than the pat- 
tern equipment from which it was made. The pattern 
equipment may be constructed with a particular size 
shrink rule and be dimensionally correct with the rule, 
yet produce castings that are dimensionally inaccurate. 
The casting is the product to be correct, and the pat- 
tern equipment must be made or adjusted to get the 
desired result. The patternmaker must know the basic 
shrinkages of each metal and when to use them. 

Iron, for instance, shrinks approximately 14-in. per 
ft, but many pieces of pattern equipment must be 
built using no shrink, or standard rule as well as 
several other shrink rules to accomplish the desired 
results in a particular iron casting. The patternmaker 
must know beforehand what shrink rules to use on 
what and when. In other words, it is wise to keep a 
log or record in the pattern shop of the inaccuracies 
occurring in castings made from pattern equipment 
that is proved to be accurate by a certain size shrink 
rule. 

Shrinkage of the metal is but one factor to be over- 
come by the patternmaker. Expansion of oil sand cores 
when surrounded by molten metal is another. Sag 
and distortion of cores in the green state is still 
another, while providing the proper clearances be- 
tween the fit of the cores and mold is important. All 
these factors are important to the patternmaker and 
necessitates his being in constant contact with the 
foundryman to produce quality controlled castings. It 
is possible and necessary for the pattern personnel 
to classify each design of casting by constant study 
and recording of results to determine the proper 
shrinkage allowance and method of pattern construc- 
tion. 

“Vv” and “U” shaped castings, for example, have 
tendencies to spread or open up at the open ends of 
the “V” or “U.” The design of the casting determines 
the degree of spreading. Compensations can be built 
into the equipment to overcome the spread, or tie-bars 
can be cast to hold the open ends and removed later. 
Tie-bars, however, may create stresses in the castings 
when removed and should be used with caution. 

Figure 21 shows a large 980-lb transmission case with 
a “U” opening. The spread of the open end was 
approximately % ¢-in. 

Figure 22 shows a thin cover casting weighing 158 
lb, with overall dimensions of 34x40 in. and overall 
height of 2-14 in. The “U” shaped opening of this 


casting spread 545-in. 
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Fig. 24 — Water jacket cores for the cylinder head shown in 
Fig. 23. 
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Fig. 25 — Sketch simulating outer walls and port walls of 
cylinder head casting. 
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EFFECT OF EXPANSION OF JACKET CORE 





Fig. 26 — Sketch showing result of core expansion if com- 
pensation is not provided. 





Fig. 27 — Six in line cylinder head casting of basically the 
same design shown in Fig. 23, but with individual water 
jacket cores for each cylinder. 
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Foundry personnel should study all details of casting 
design and pattern design with the pattern personnel. 
This affords all concerned the opportunity of select- 
ing the foundry equipment to be used and decide how 
the pattern equipment should be built. Any change in 
original casting design should be discussed with the 
engineer. 

A patternmaker who is familiar with the foundry 
practice and pattern design is stationed in the en- 
gineering department. He does not make patterns, but 
acts as an adviser and works with the designers. He 
suggests changes in casting design from a foundry- 
man’s point of view and helps to simplify moldability, 
eliminate excessive coring, etc. He is in constant con- 
tact with the foundry, pattern shop and engineers. 
It is felt that such a person in the engineering de- 
partment has saved thousands of dollars, and helps 
to knit the thinking between engineer and foundry- 
man. 

A good example of a drastic change in casting 
design is shown in Figs. 23 through 28. 

Figure 23 shows a six cylinder in line cylinder head. 
This casting is 9-14 in. wide, 42 in. long and 4-34 in. 
high, and weighs 194 lb. The water jacket cores shown 
in Fig. 24 are made in halves but extend the full 
length of the cylinder head. These jacket cores are 
very frai] requiring good wire reinforcing and must 
be handled with care. Many casting designs employ- 
ing the use of thin-sectioned cores require specific 
care to control in the foundry. 

Thin-sectioned cores such as these jacket cores have 
the tendency to expand when surrounded by molten 
metal. This expansion may vary from 145-in. to 5 4-in. 
per foot depending upon the design of the casting. 
Should these cores expand 5%,-in. per foot with the 
casting being 42 in. long, it is possible to lose over 
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Fig. 28 — Individual cores tor each cylinder of casting shown 
in Fig. 27. 
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EOQUNDRY MAN IDEA 








Fig. 29 — Overemphasized versions of designer’s and foundry- 


man’s conceptions of good casting design. A compromise is 
the answer. 
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4-in., so to speak, in the overall wall thickness. The 
walls on the ends may be thin, as well as the port 
walls and bolt down boss walls. 

Compensations must be built into pattern equip- 
ment. The patternmaker must have a good log of 
similar design to be able to predict and overcome 
such discrepancies. This particular jacket core rests 
on chaplets in the drag, and is located by six small 
core prints spaced the length of the head, one core- 
print for each of the six cylinders. 

Figure 25 shows a sketch simulating the outer walls 
and port walls only for illustrating what the casting 
should be if the pattern equipment is properly 
made. The walls are uniform and the six cored holes 
on bottom of head are on location. 

Figure 26 shows what might happen to walls by 
core expansion if compensation for expansion is 
omitted from pattern equipment. Since expansion fol- 
lows the line of least resistance and the core prints 
on bottom of head all fit the mold tightly, the ex- 
pansion may be in each direction from the center of 
head. Note the walls get progressively thinner toward 
each end and the cored holes in bottom of head are 
tipped causing hole to be off location. This type of 
casting is not easy to control and must be made with 
care. 

Figure 27 also shows a six cylinder in line cylinder 
head with basically the same design as the previous 
head. This head is 15 in. wide, 44 in. long, 5-34 in. 
high and weighs 419 lb. The difference in this design 
is individual water jacket cores for each of the six 
cylinders, as shown in Fig. 28. The same core ex- 
pansion per foot is prevalent, but is now broken up 
into six increments. Each drag jacket core is located 
in mold with three core prints. Quality control is 
now more easily exercised and uniformity of walls 
are better assured. 


Machine Shop’s Interests 
The interest of the machine shop can be summar- 
ized very easily. Machinists desire all castings con- 
sistently alike. The material should be consistently 
machineable. The amount of finish to be removed 
should be minimized and be consistently the same. 


Engineer’s Interest 

The engineer builds into his idea the necessary 
mechanical features so the part will function. He de- 
sires the right material for the job. He wants all 
stresses to be at a minimum. The casting should have 
a good appearance. He is usually eager to accept the 
foundryman’s opinion and make reasonable com- 
pensations in design. He is anxious to incorporate 
the machinists needs to fixture, locate and minimize 
machining operations. When each of us have “ex- 
changed heads” and used the engineer as a clearing 
house to finalize design, then we have arrived at good 
economical casting design. 

Figure 29 is an overemphasized version of the de- 
signer’s conception of good casting design. This de- 
sign may be too costly for the foundryman. On the 
other hand, the foundryman’s idea may have simpli- 
fied the casting cost, but is costly to machine. A com- 
promise is the answer to good design and economy. 








HYDROGEN AS IT AFFECTS STEEL CASTINGS 


By 


Arthur F. Gross* 


There have been so many excellent papers written 
on hydrogen in cast steels, including at least one under 
this same title, that another review might seem out 
of order. Unfortunately, however, commercial prac- 
tices have lagged far enough behind technical de- 
velopments that the problem is becoming increasingly 
important not because hydrogen contents of com- 
mercial steels are increasing, but rather because cast- 
ings are being subject to more rigid inspection and 
used in more severe services. 


*Chief Metallurgist, Ohio Steel Foundry Co., Springfield, Ohio. 


Since, as will be shown, hydrogen can affect the 
soundness of a casting, the increasing use of radio- 
graphy, magnetic particle, fluorescent penetrant, ultra- 
sonic testing, helium leak detection, and a host of 
other inspection means has made the casting of 
yesterday the reject of today. In our own foundry, 
we found it necessary to radically change many 
practices which we felt produced a good casting, but 
which radiography showed were unacceptable. 

While this paper is intended primarily to cover the 
effect of hydrogen on the manufacture of steel cast- 
ings, the use of castings in the chemical and refinery 
industry in so-called hydrogen service has led to many 
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questions concerning the effect of hydrogen in service. 
Our customers are especially interested in the com- 
parison between the cast and the wrought steels in 
their resistance to hydrogen attack. 

Fortunately, a properly made steel casting is not 
only as free from hydrogen defects as its wrought 
counterpart, but actually does not suffer from some 
defects such as flaking which affect the wrought ma- 
terial. This is a selling point which the steel foundry- 
man should remember and use. 

In order to understand the effects of hydrogen in 
cast steels, it is necessary to have some understanding 
of how and when hydrogen exists in the steel. The 
ability of liquid steel to absorb large quantities of 
hydrogen is shown in Fig. 1 taken from data by 
Sieverts and Luckemeyer-Hasse. Note that above the 
melting point the steel can absorb in excess of two 
relative volumes of hydrogen. While the amount of 
hydrogen present in the air as a gas is rather small, 
there is always water vapor present in the vicinity 
of the arcs. 

Under the extremely high temperature, the water 
vapor is disassociated into hydrogen and oxygen, and 
the hydrogen absorbed into the steel. In this con- 
nection it should be pointed out that the addition of 
nitrogen in the furnace atmosphere complicates the 
picture since it can not only cause the same type of 
porosity as hydrogen but also affects the solubility of 
the two gases. Table 1 shows that the total gas solu- 
ability at 2900 F is actually increased when the two 
gases are mixed. 

While most of the hydrogen found in the molten 
steel probably is the result of hydrogen from the scrap 
and that picked up in melting, every research group 
studying the problem has reported sizable pickup from 
moisture contained in the furnace spouts and ladles. 
Mold moisture is probably the second most important 
factor in the final hydrogen content of the finished 
casting. 

In addition to the hydrogen present in the steel as 
it is poured into the mold, it is possible for hydrogen 
to be occluded in the solid state. At ordinary tempera- 
tures and pressures the metal is impermeable to the 
gas, but this is not true of hydrogen liberated by 
chemical or electrolytic displacement. Thus in electro- 
plating or some chemical services it is possible for 
large quantities of hydrogen to be occluded by the 
solid steel. 

In the solid state under conditions of high tempera- 
ture and pressure, there exists some definite “start” 
temperature or pressure at which occlusion begins. 
After this temperature or pressure is exceeded, the 


TABLE |] — SOLUBILITIES OF HyDROGEN PLus NITROGEN 
AT 2900 F AND ONE ATMOSPHERE TOTAL PRESSURE 








Solubility 
cc/100 
Composition of Gas gr metal 
Volume, % (STP) 
100% He 30 
100% No 33 
50% Ho, 50% No 45 
20% Hoe, 80% Ne 43 
10% Ho, 10% No, Balance inert 20 
5% He, 1% No, Balance inert 10 
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gas content may increase quite rapidly. Again, this 
fact is important in chemical service, but it should 
be noted that these conditions apply to wrought 
steels as well as cast steels. 

Reference to Fig. 1 shows that as the metal solidifies, 
the solubility for hydrogen decreases very rapidly (in 
this case from about two to less than one relative 
volumes). This will be discussed later in reference to 
porosity. In this discussion of solubilities it should 
also be pointed out that Fig. 1 shows a sizable drop 
in solubility at the Ag temperature when the steel 
transforms from austenite to some other decomposi- 
tion product. Again this matter will be covered in 
reference to stainless steels and flaking in alloy steels. 


The position of the hydrogen in the solid steel is 
still the subject of some discussion. Some of the hydro- 
gen appears to be in solution in the lattice system. 


Another, and perhaps larger portion, is contained 
in small discontinuities in the crystal grains called 
rifts. These rifts, caused by a tearing apart of the 
grain, apparently contain hydrogen in a mobile con- 
dition rather than condensed on the rift walls or in 
chemical combination. A sort of equilibrium exists 
between the amount of hydrogen in solid solution 
and that present in the rifts; however, the distribu- 
tion of hydrogen is not uniform throughout the piece 
since during the solidification of the casting, the hydro- 
gen is rejected by the solidifying steel because of its 
lowered solubility, and diffuses toward the still molten 
center. 

Thus, the center contains a higher gas content than 
the outside skin. Under normal circumstances this 
hydrogen will precipitate too rapidly to diffuse far 
from the segregated area. This segregation is most 
important since, as will be noted later, it is the cause 
of such effects as hydrogen embrittlement. The equi- 
librium between the hydrogen in solid solution and 
that in the rifts can be upset by enlarging the rifts, 
in which case hydrogen diffuses from the solid solution 
into the voids. This is another important concept to 
remember since we will refer to it later on in the 
paper. 

In summarizing, it is important to remember that 
steel in the molten state absorbs hydrogen very readily 
from the air, from water vapor in the air, or from 
mold or ladle moisture—that the hydrogen is not uni- 
formily distributed in the steel, but segregated, es- 
pecially at the center—that it is mobile to some extent 
and can develop pressure in any voids in the steel— 
and that it is occluded in the solid state only under 
special conditions of temperature and/or pressure. 

With these facts in mind we are ready to examine 
the effect of the absorbed gas on the casting. The ef- 
fects of hydrogen on steel castings may be divided 
into two general classes; those which result in perma- 
nent defects, and those which result in temporary 
reductions in mechanical properties. The results of 
service under special conditions of hydrogen absorb- 
tion such as electroplating, refinery or chemical service, 
etc., will be covered later. 

Of the permanent defects attributable to hydrogen, 
the most common is probably porosity existing either 
as pinholes just below the surface, blowholes distrib- 
uted throughout the metal or actual bleeding of the 
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gates and risers (Fig. 2). The mechanism by which 
pinholes are formed has been described many times. 
There is general agreement on this score with the 
possible exception of the nucleating of the gas bubble. 

In the previous discussion we pointed out in refer- 
ence to Fig. | that the solubility drops very fast as the 
metal solidifies. As a result, the hydrogen dissolved in 
the first metal to solidify diffuses into the still molten 
center. The pressure at this point is quite low, how- 
ever, in spite of the increasing hydrogen content. 
Calculations indicate a pressure of not more than one 
or two atmospheres. Because of this low pressure it is 
impossible for a bubble of hydrogen to form. It is 
possible, however, for the hydrogen to diffuse into a 
bubble once it is started. 

Some observers feel certain inclusions may serve 
to start a bubble if they are easily reduced to form 
water vapor; whereas others feel the rimming action 
is necessary in which case the initial bubble is CO. 
The presence of aluminum or some other strong deoxi- 


Fig. 2— Bleeding of ingots (from D. J. Carney, “Gasses in 
Metals,” A.S.M., Cleveland). 
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dizer is believed by these observers to lower the oxygen 
content below that necessary for the formation of CO. 
This explains the ability of aluminum to prevent the 
formation of the initial nucleating bubble and thus 
prevent pinhole porosity. 

If the gas content is high enough the bubbling 
action may continue throughout solidification causing 
actual bleeding of the mold. Whatever the nucleat- 
ing action, the fact remains that most pinhole porosity 
found in commercial practice may be attributed to 
high hydrogen content either in the metal as melted 
or resulting from mold moisture. 

As would be expected, melting practice affects po- 
rosity to the extent that it determines the hydrogen 
content of the molten steel. Thus, since the basic 
practice usually results in a higher hydrogen contents, 
basic steel is somewhat more prone to porosity. In a 
study of commercial melting practice the Steel Foun- 
ders’ Society of America reports the following hydro- 
gen contents: 


Acid Open Hearth ........ 0.12 to 0.25 Relative Volumes 
po re 0.09 to 0.26 Relative Volumes 
ee NE «a, cco cievcues 0.15 to 0.27 Relative Volumes 
Basic Open Hearth ........ 0.28 to 0.32 Relative Volumes 


These values are not the best nor the worst that 
can be achieved, but indicate the general trend. The 
trend toward porosity with a given molding practice 
follows the same general scheme. The effect of mold 
moisture is evident from the fact that a given heat 
of steel may often be poured in dry sand molds with- 
out porosity, but will be full of porosity if poured in 
green sand molds. The hydrogen which is picked up 
from the mold is probably a combination of that 
absorbed by the molten steel and that occluded by 
the hot casting surface. 

Stainless steels, especially the austenitic types, are 
more prone toward porosity than the carbon and low- 
alloy steels. Nickel has a greater solubility than iron, 
a fact which makes the high-nickel steels very difficult 
to melt. Chromium, on the other hand, has a lower 
solubility than iron, but with commercial melting 
practices chromium bearing heats usually have a 
higher nitrogen content. 

The combination of chromium and nickel in the 
medium alloy steels makes the metal more prone to 
porosity since chromium causes the rejection of hydro- 
gen at higher temperatures. In the stainless steels it has 
been found that lower pouring temperatures permit 
higher gas contents to be tolerated without porosity. 

No element has been found to date (with the pos- 
sibility of the fluorides on which work is being done) 
which will combine with hydrogen in the low alloy 
or medium alloy steels at steel making temperatures. 
In the stainless steels, selenium provides a means of 
reducing or tying up the hydrogen content and thus 
reducing the incidence of porosity. Fortunately, a 
good commercial steelmaking practice involving a 
violent boil (either oxygen or ore) will result in a 
steel capable of being cast without porosity, if properly 
deoxidized. 

Occasionally, the gas content of the steel is not 
great enough to cause actual porosity, but still mani- 
fests itself in the form of interdendritic porosity which 
appears similar to shrinkage. In small sections this 
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porosity lies near the centerline of the casting and is 
familiar to the foundryman as centerline weakness. 
Figure 3 shows an example of such porosity. It-is ap- 
parently the result of diffusion of hydrogen into a 
small gas bubble formed just as solidification is almost 
complete. 

The gas thus liberated forces the still molten steel 
from between the dendrites causing a void similar 
to that formed when there is insufficient metal to feed 
the casting. This type of defect is found in very heavy 
masses in the form of open metal not necessarily 
located at the center of the mass. Figure 4 is an ex- 
ample of this defect from a previous paper by the 
author. 

In the casting of 3-14 per cent nickel-chromium 





Fig. 3 — Microporosity in cast steel (from Research Report 
No. 4, Steel Founders’ Society of America). 
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materials which are especially prone to hydrogen pick- 
up such macroshrinkage may sometimes be found 
throughout the heavy sections, in heats high in hydro- 
gen. The fact that this defect is located at the center- 
line of the casting in normal casting sections is in the 
foundryman’s favor since it is usually away from areas 
which are highly stressed. 

One of the most serious defects in steel attributable 
to hydrogen is found in wrought material but seldom 
in steel castings. This is the cracking or fissuring 
called flaking. Flakes are the result of two factors— 
transformation stresses and hydrogen. Note that in 
Fig. 1 the solubility of hydrogen in austenite (above 
the A,) temperature is much greater than that of the 
various decomposition products. 

As a result, when the austenite transforms during 
cooling the hydrogen diffuses out of the areas that 
have transformed into the austenite which still re- 
mains. As a result the last austenite to transform con- 
tains large volumes of hydrogen. If this transformation 
takes place at a fairly high temperature, the trans- 
formation stresses are not too great and the hydro- 
gen is sufficiently mobile that no cracking takes place. 

If, however, the transformation takes place at a 
low temperature (for example, when martensite is 
formed) the combination of high stress due to the 
transformation, and the pressure built up by the 
hydrogen causes a minute crack called a flake. Cast- 
ings are generally not susceptible to flaking. The 
reason appears to lie in the tiny voids which provide 
a place for the hydrogen to precipitate and thus pre- 
vent the build up of excessive pressures. 
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Fig. 4—Eftects of hydrogen on density of 3-%2% nickel steels in heavy sections (A. F. Gross, A.1.M.E. Transactions, Electric 
Furnace Steel Conference, 1954). 
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Fig. 5 — Hydrogen 
embrittlement of ten- 
sile test bars. 











Fig. 6 — Fisheye fractures in tensile specimens (from C. A. 
Zaptte and C. E. Sims, A.1.M.E. Transactions, Electric Furnace 
Conference, 1941). 
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This can be demonstrated by the fact that by 
forging or rolling a cast piece, flakes can be de- 
veloped. While, as previously stated, flaking in 
wrought material can be prevented by transforming 
the steel at higher temperatures, this process often 
takes many hours or days. Here, therefore, is an 
advantage of cast material of which the foundryman 
should be aware. 

Underbead cracking of welds in wrought or cast 
material is due to transformation stresses outlined 
above and hydrogen picked up by the welding arc. 
The prevention involves keeping the hydrogen to a 
minimum by using low hydrogen coated welding rods 
and by preheating and slow cooling (either through 
a high preheat or controlled cooling after welding). 

There is one temporary effect of hydrogen in steel 
of which every foundryman is aware. This is the loss 
of ductility in the tensile test, a loss of ductility which 
may be eliminated by aging or heating the bar to a 
low temperature for a period of time, depending on 
the size of the piece. Here again, it is well to examine 
the mechanism of the embrittlement and then study 
its effect on the casting. 

To understand what takes place when a tensile bar 
is embrittled by hydrogen we must refer again to the 
position of the gas in the metal. As previously stated, 
the gas is believed to be divided between that con- 
tained in micro-cavities, voids, or rifts, and that por- 
tion in solid solution in the steel. As the temperature 
of the metal drops, the solubility in terms of one 
atmosphere pressure decreases very rapidly, and at 
the same time the equilibrium conditions support 
very high pressures in these cavities. 

As a result, the hydrogen near a cavity diffuses into 
it to build up a pressure which may equal several 
thousand atmospheres. Carney, Chipman, and Grant 
show a calculated pressure of 103,000 psi for steel 
having a hydrogen content of 0.00009 per cent. These 
pressures, while very high, are not high enough to 
cause permanent damage to the steel. When the bar 
is pulled however, small slip planes are formed. The 
hydrogen rushes into the slip planes and deforms 
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them. The small notches thus formed stress the sur- 
rounding metal in a triaxial tension at the same time 
atieite that it is prevented from flowing plastically. 
(in ao/ay) As a result failure begins in a brittle fashion. If 
<< the hydrogen concentration is large this area of brittle 
10.000 failure will be correspondingly large. Thus the gas 
100 content in segregated areas is more important than 
beeen a the total gas content of the piece. The failure thus 
started, causes the bar to break with the familiar - 
(a) angular or irregular fracture. Figure 5C shows the 
brittle fracture taking place over a sizable area as 
compared with Fig. 6 where the void which formed 
the nucleus is more clearly visible. Figure 5B shows 
the selective etching of the embrittled area. This is 
the result of acid attack in the voids or rifts opened 
by the hydrogen. 
Oe guage) As the hydrogen content of the steel is increased, 
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Fig. 8 — Ductility of SAE 1020 steel as a function of strain 
rate and temperature (from Toh and Baldwin). 


ductility as measured by the tensile test decreases. 
At 0.4 relative volumes the reduction in ductility 
reaches a maximum, as shown in Fig. 7. 

The ductility may be restored by simply holding 
the piece for a period of time at relatively low tem- 
peratures (400 F — 600 F). This process, called aging, 
reduces the pressure of the gas in the rifts and per- 
mits it to diffuse into any voids that may be present. 
Some of the hydrogen also escapes to the atmosphere. 
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The time at temperature required to restore ductility 
varies with the hydrogen content and the size of the 
piece (since larger sections usually have greater segre- 
gation at the center). 

In small sections a time of several hours at 600 F is 
usually sufficient. Too high an aging temperature is 
undesirable as the solubility of hydrogen increases 
as the temperature is increased. With high hydro- 
gen contents, heat treatments performed after the 
aging treatment may reprecipitate the gas in its 
original position thus causing re-embrittlement. 

One of the most important factors is the effect of 
strain rate or rate of loading on hydrogen embrittle- 
ment. Figure 8A shows what happens to an unem- 
brittled test specimen as the temperature and rate 
of loading are varied. At any constant strain rate, a 
reduction in temperature causes a reduction in duc- 
tility until the ductility falls to zero at about —350 F. 
This reduction in ductility results from the inability 
of the metal to flow plastically as the temperature is 
decreased. 

Fig. 8B shows what happens when the bar is em- 
brittled by hydrogen. At 130F and a strain rate of 
about 0.3 in./in./min the bar shows a ductility of 
about 0.6. The reduction from the 1.27 in Fig. 8A is 
the result of the embrittlement mechanism previously 
described. As the temperature is lowered to —40 F the 
ductility slowly decreases. This is so because the 
lower temperature shifts the equilibrium toward 


Fig. 9 — Ettect of hydrogen on 
impact transition temperature 
(from Marshall, Garvey and Llew- 
elyn, A.I.M.E. Electric Furnace 
Transactions, 1948). 
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higher pressures in the rifts. This higher pressure 
increases the embrittlement. 

As the temperature is lowered still further, the 
ductility slowly increases. This is thought to be the 
result of the lowered diffusion rates at the lower 
temperature. In other words, even though the lower 
temperature means higher pressure within the rift 
before stress is applied, the pressure will be decreased 
when the rift is enlarged by stretching the bar. 

At higher temperatures additional hydrogen would 
diffuse rapidly into the rift to maintain the pres- 
sure, but at the low temperatures being considered 
the mobility of the hydrogen is so low that diffusion 
cannot maintain the pressure. Hence, the reduction 
in embrittlement. Note, that at a given temperature 
(for example 0 F) an increase in the speed of load- 
ing to 10000 in./in./min. results in ductility equal 
to that of a steel containing no hydrogen. 

Again the explanation is based on diffusion rate. 
In this case the drop in pressure in the rift due to its 
enlarging with the increased strain takes place faster 
than the hydrogen can diffuse into it. Since the rate 
of loading of the impact test approaches this figure 
we should expect the impact bar to be relatively un- 
affected by hydrogen. That this is the case is shown 
in Fig. 9 where it is evident that there is but little 
effect of the hydrogen content which in this case was 
very high. 

This is a most important concept since most service 
failures are the result of notch sensitivity at the 








service temperature and not lack of tensile ductility. 
Since hydrogen does not affect the impact resistance 
it should have little or no effect on service life. The 
fact that hydrogen embrittlement does not cause 
permanent damage to the casting (as contrasted with 
flaking of wrought material) is a most important 
point to remember. 

There is not too much information on the com- 
parison of wrought and cast steels in hydrogen serv- 
ice in the chemical and refinery industry. It is 
generally agreed that there should be no difference 
between them provided the cast metal is sound. As 
modern casting techniques provide sound castings, 
there is no reason why castings should not be used 
in this service. In some cases, the microporosity in 
the casting helps prevent blistering and other defects 
by providing areas in which the hydrogen can pre- 
cipitate when the casting cools. Chromium is added 
to most steels which are to be used in hydrogen 
atmospheres. 

It is apparent that to avoid permanent defects in 
steel castings at least some measure of hydrogen con- 
trol must be adopted. Actually, since removal of em- 
brittlement involves an aging treatment, it is advisable 
to play safe and use a practice which will result in 
the lowest possible hydrogen content. Such a control 
is predicated on two main factors: 1) control of mois- 
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ture, and 2) removal of as much hydrogen as i: 
practical by mechanical means. 

The need for moisture control is evident from the 
fact that 2 or 3 oz of water is enough to severely em- 
brittle a 5-ton heat. Obviously, moisture control be- 
gins with the scrap which must be dry and free of 
oil and grease. Spongy rust can hold large quantities 
of water. Alloy additions, especially those added to 
the ladle must be dry, Furnace spouts and ladles 
present the most difficult problem since they are al- 
most impossible to dry. For sensitive grades, such as 
the nickel-chromium series, a ladle which has had 
one or more heats on the lining should be used. In 
producing stainless in the arc furnace it is almost 
essential that dry sand molds be used. 

In spite of all these precautions, the heat as melted 
will still contain relatively large amounts of hydro- 
gen. Fortunately, a part of this hydrogen may be 
removed by a bubbling action in the furnace. No 
bubbles of hydrogen can form in the bath even 
though the metal has a high gas content. If, however, 
a bubble of some other gas is present, the hydrogen 
is rapidly adsorbed into the bubble at the gas-metal 
interface. 

The bubble may be any gas which is conveniently 
introduced. Dry air is undesirable because of its high 
nitrogen content. Argon or/other inert gases are ex- 












Fig. 10 — Rate of hydrogen elimi- 

nation vs. rate of carbon removal 

(from Research Report No. 14, 

Steel Founders’ Society of Amer- 
ica). 
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Fig. 11 — Hydrogen content at various stages in a melt (from Research Report No. 14, Steel Founders’ Society of America). 


pensive and tend to lower the bath temperature. The 
cheapest and most convenient in most cases is car- 
bon monoxide. This may be formed by the use of 
Iron ore (which reacts with the carbon to form COQ) 
or preferably by the oxygen lance. The oxygen in- 
jection provides a temperature increase as well as 
bubbles of CO and O,. The bubbles must be formed 
in quantity great enough to eliminate hydrogen faster 
than it is absorbed from the furnace atmosphere or 
slag. 

The rate of carbon drop, which is a measure of the 
amount of CO formed, provides a measure of bubble 
formation. Figure 10 shows that hydrogen is removed 
much faster when the original level is high. Note that 
at lower levels a carbon removal rate of less than 
0.45 per cent per hour results in hydrogen pickup. 
As a result an absolute minimum rate of a point a 
minute is the rule. As soon as the boil stops the heat 
will pick up gas. That this is true in practice is shown 
in an actual log of a 6-ton acid heat in Fig. 11. Such 
pickup is greater under reducing conditions. 


As a result, the author feels the gain in quality re- 
sulting from the double-slag process for castings is 
frequently not worth the sacrifice of higher hydrogen 
contents. The use of vacuum melting or vacuum de- 
gassification represents the ultimate in low gas con- 
tents. These processes will probably be adopted by 
many foundries within the near future. 
To summarize, the picture with respect to the 
effect of hydrogen on steel castings is a bright one for: 
1) Through proper melting control the steel foundry- 
man can eliminate any permanent defects attribu- 
table to hydrogen. 

2) The loss of tensile ductility is a temporary effect 
which eventually disappears on natural aging. 

3) The loss of tensile ductility may be quickly elimi- 
nated by artificial, low temperature, aging treat- 
ments. 

4) Hydrogen embrittlement does not make the steels 
notch sensitive. 

5) Flaking as a result of hydrogen is seldom if ever 
encountered in castings. 








MECHANICAL PROPERTIES OF CAST TITANIUM-IRON 
AND TITANIUM-ALUMINUM-IRON ALLOYS 


By 


N. Hehner, H. W. Antes, and R. E. Edelman* 


ABSTRACT 

An investigation was made to determine the as-cast 
tensile ond impact properties of titanium-iron and 
tit i -iron cast alloys. The tensile strength 
of both “+ men and ternary alloys increased appreciably 
as the iron content was increased. Tensile strengths as 
high as 147,000 were obtained in both binary and 
ternary alloys. Corresponding reductions in ductility 
were observed, for both binary and ternary alloys, as 
the iron content was increased. The impact strength of 
the binary and ternary alloys decreased with increasing 
iron content. The hardness of the alloys investigated 
increased appreciably with increasing iron content. The 
rate of hardening in the ternary alloys was affected 
by the basic aluminum content of the alloys. The re- 
sults of this investigation indicate that a titanium-3 per 
cent aluminum-5 per cent iron would be particularly 
amenable to heat treatment. 





Introduction 


Titanium alloy systems that have been investigated 
from the standpoint of cast properties include titan- 
ium-carbon,! titanium-aluminum,? titanium-silicon,’ 
titanium-aluminum-silicon,* and titanium-aluminum. 
vanadium-cerium5 alloys. The properties of these al- 
loys, with one exception, were determined for cast 
materials that were not heat treated. The highest 
strength alloy that was realized from these investiga- 
tions was a titanium-6 per cent aluminum-] per cent 
silicon alloy, which is an alpha type alloy. This alloy 
had an ultimate tensile strength of 150,000 psi, a yield 
strength of 145,000 psi, with 7.5 per cent elongation 
in 1.4 inches. This level, however, seems to be the 
maximum practical strength for cast alloys of the all 
alpha type. If strengths greater than 150,000 psi are 
to be realized alpha-beta type titanium alloys must 
be employed. If the required strength of this type 
alloy must be higher than that obtained in the as-cast 
condition, subsequent thermal treatments can be em- 
ployed. It was the purpose of this investigation to 
determine the as-cast properties of several alpha-beta 
type alloys. Iron was selected as the beta stabilizing 
alloying addition for reasons that will be discussed 


later. 


*Mr. Hehner, formerly metallurgist, Frankford Arsenal; Mr. 
Antes and Mr. Edelman, metallurgist and chief, Reactive Metals 
Section, respectively, Pitman-Dunn Laboratories, Frankford Ar- 
senal, Philadelphia, Pa. 


374 


The effect of heat treatment on the properties of 
alpha-beta alloys is being investigated. The results of 
this investigation will be reported at some future 
date. 


Procedure 


Alloy Preparation. “Process A” titanium sponge, 
was used as the base metal in all the alloys. This ma- 
terial had a base hardness of 120 Bhn (3000 Kg). 
High purity aluminum wire (99.9 per cent Al) and 
electrolytic iron (99.9 per cent Fe) were used as the 
alloy additions. A mechanical mixture of the sponge 
and the desired amounts of alloying additions was 
melted in a water-cooled copper crucible with a wa- 
ter-cooled tungsten tip electrode. This operation pro- 
vided pigs of approximately 3 lb. Several of these pigs 
were then melted in a bottom-pour arc-type furnace 
and cast into a graphite mold. It has been found that 
by using this procedure of double melting, homo- 
geneous castings can be obtained. 

The dimensions of the final cast plates were 6x6x1 
in. This size casting provided an adequate number 
of specimens from a single heat for all necessary tests. 

The complete melting and casting procedure has 
been discussed in a previous report. 

Mechanical Tests, The tensile specimens used in 
this investigation were machined, standard 0.357-in. 
diameter tensile bars except with shoulders for hold- 
ing the specimen in the testing machine. A 1.4-in. 
gage length was employed, using a micro-former type, 
averaging extensometer to measure the strain. The 
tensile tests were made on a Baldwin-Southwark hy- 
draulic machine, using a crosshead speed of 0.005-in./ 
min and a load range of 20,000 lb. 

Standard “V” notch Charpy specimens were tested 
at—110, 78, and 212F, with a Riehle impact testing 
machine having a capacity of 220 ft-lb. 

Brinell hardness tests were made on each of the 
alloys. A 10-mm carbide ball was employed with a 
3000 Kg load. The load was held for 30 sec. 


Cast Titanium-Iron Binary Alloys 


Iron has a maximum solid solubility of 25 per cent 
in beta titanium at 1985 F, and forms a eutectic at 
this temperature. The maximum solid solubility of 
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iron in alpha titanium occurs at 1094 F and is less 
than 0.2 per cent. Iron forms a eutectoid with titan- 
ium at 1094 F. The eutectoid composition is 15 per 
cent iron.? Thus, iron has been classified as a beta 
stabilizing element of the eutectoid decompositional 
type. 

Iron is the most potent strengthening element of all 
the common alloying elements.§ It has been found 
that, for titanium alloys of the eutectoid type, when 
the eutectoid reaction occurs the material is generally 
embrittled. The eutectoid reaction in titanium-iron 
alloys occurs rather slowly and, therefore, alloys of 
this type would be somewhat less susceptible to eutec- 
toid embrittlement than some of the other beta stabi- 
lized alloys. The addition of iron is desirable from a 
hardenability standpoint, since it provides as good 
hardenability as any beta stabilizing element. 

Tensile Properties. Binary titanium alloys contain- 
ing 0.5, 1, 2, 4, 5, and 6 per cent iron were melted and 
cast into test plates. The results of tensile tests of these 
alloys are plotted in Fig. 1. 

It can be seen from this curve that a gradual in- 
crease in both ultimate and yield strengths was real- 
ized by the addition of up to 2 per cent iron. As the 
iron content was increased from 2 to 6 per cent, both 
ultimate and yield strengths increased at a greater 
rate. The highest ultimate strength (147,000 psi) and 
yield strength (136,000 psi) were obtained with a 
titanium-6.2 per cent iron alloy. The elongation de- 
creased from 38 per cent for the unalloyed titanium 
to 2.5 per cent for the alloy containing 6.2 per cent 
iron. The complete tensile property data are listed 
in Table I. 

Impact Properties. The room temperature average 
impact strength of cast, unalloyed titanium is approxi- 
mately 73 ft-lb (Table 2). The addition of 0.5 per 
cent iron reduced the impact strength to approxi- 
mately 33 ft-lb. However, the alloys containing from 
0.5 to 5.0 per cent iron all had approximately the 
same impact strength. At the 6.2 per cent iron level, 
a sharp decrease in impact strength was observed. 
These data are plotted in Fig. 2. Impact properties 
for the ternary alloy were determined over a range of 
temperatures and will be discussed later. 

Hardness. The Brinell hardness of the titanium- 
iron alloys as a function of iron content is shown in 
Fig. 3. It can be seen from this curve that iron has a 
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very great hardening effect on cast titanium. The 
hardness increased from 120 Bhn for the unalloyed 
material to 350-Bhn for the alloy containing 6.2 per 
cent iron. 


Cast Titanium-Aluminum-Iron Ternary Alloys 


Aluminum is the only substitutional alloying ele- 
ment that stabilizes the alpha phase in titanium. It is 
used exclusively to stabilize alpha in alpha-beta alloys 
that contain both alpha and beta stabilizing elements. 
The reasons for the exclusive use of aluminum in 
this type alloy is that it imparts good tensile and im- 
pact properties at elevated temperatures as well as at 
room temperature. In view of these facts and the 
many desirable features of using iron as a beta stabiliz- 
ing element for titanium, it was felt that ternary cast 
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Fig. I — Tensile properties of cast titanium-iron alloys. 

















TABLE 1] — TENSILE PROPERTIES AND HARDNESS OF CAST TITANIUM-IRON ALLOYS 








Ultimate Yield Strength % Red. in 
Chem. Comp. Tensile Strength 0.2% offset Elong. Area Hardness 
Alloy (Wt. %) (psi) (psi) (1.4-in. gage) (%) (Bhn, 3000 Kg) 
0 0.0 Fe 72,000 55,000 38.0 ‘oa 120 
; d 62,800 49,200 28.1 60.4 . 
0.5 0.51 Fe 63,400 48,700 34.1 66.2 159 
1 1.00 Fe 88,000 67,000 20.0 36.5 183 
" 82,500 58,000 17.7 36.1 
- 2.05 Fe 84,600 58,800 18.0 36.5 200 
101,700 74,400 17 18.7 + 
4 3.90 Fe 104,600 75,800 12.0 20.3 255 
124,300 102,000 6.1 10.3 
5 5.08 Fe 127,100 104,100 79 15.6 270 
147,100 134,900 2.3 2.7 
6 6.20 Fe 147,500 136,700 23 44 341 
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Fig. 2— Room temperature charpy impact energy vs. iron 
content for cast titanium-iron alloys. 


TaBLE 2— IMPACT PROPERTIES OF CAST 
TITANIUM-IRON ALLoys 





Energy at Testing Temperature (ft-lb) 

















Alloy —l10F 78F 212F 
0 45, 50 60, 85 151, 160 
0.5 - 29, 31, 33, 40 - 

l Sn as = 

2 _ 28, 31, 38, 40 - 

4 20.5, 15.5 30, 27 31, 28 

5 - 29, 33, 32, 30 - 

6 5.5, 7.0 12, 16 12,12 
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Fig. 3 — Brinell hardness vs. iron content for cast titanium- 
iron alloys. 


MECHANICAL PROPERTIES OF TITANIUM ALLOY 


alloys of the titanium-aluminum-iron system war- 
ranted investigation. 

Iron additions were made to three groups of titan- 
ium-aluminum alloys which had base composition 
of 1, 3, and 6 per cent aluminum. 


Tensile Properties. The effect of iron addition 
on the ultimate tensile strength and per cent elonga 
tion of titanium alloys containing 1, 3, and 6 per cent 
aluminum is shown in Fig. 4. It can be seen in this 
figure that the ultimate strength increased linearly 
for all three groups of alloys with increasing iron 
content. Similarly, a linear decrease in elongation 
was observed as the amount of iron was increased in 
each of the three groups of alloys. The yield strengths 
(0.2 per cent offset) of these alloys are listed along 
with the other tensile data in Table 3. 


Impact Properties. The effect of iron on the room 
temperature impact properties of the three groups of 
alloys is shown in Fig. 5. It can be seen from these 
curves that the impact strength is substantially re- 
duced by iron additions. As the iron content is in- 
creased the effect of the aluminum content is masked. 
This is illustrated by the convergence of the three 
curves in Fig. 5 at the higher iron contents. 

The impact energy is shown as a function of testing 
temperature for each of the three groups of alloys 
in Fig. 6. It can be seen from this figure that the im- 
pact strength of each alloy increased moderately with 
increasing testing temperature. These data are listed 
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TABLE 3— TENSILE PROPERTIES AND HARDNESS OF Cast TITANIUM-ALUMINUM-IRON ALLOYS 








Ultimate Yield Strength % Red. in 
Chem. Comp. Tensile Strength 0.2%, offset Eldng. Area Hardness 
Alloy (Wt. %) (psi) (psi) (1.4-in. gage) %) (Bhn, 3000 Kg) 

i Al- _— 60,000 44,000 29.0 _ 137 
; . non 105,700 80,600 15.3 20.7 
| Al-3 Fe 1.04 Al-2.68 Fe 107.500 83,400 16.6 99 | 223 
— . 129,100 107,900 6.7 13.5 
i Al-5 Fe 1.09 Al-4.49 Fe 127.400 105.500 74 15.1 269 
3 Al _ 78,000 65,000 19.0 _ 190 

: . 104,200 89,700 15.9 28.8 
3 Al-1 Fe 3.22 Al-0.95 Fe 101.700 88,700 163 26.6 229 
‘ O77 E 110,100 92,100 10.3 20.2 
3 Al-3 Fe 2.83 Al-2.77 Fe 114,300 97.400 106 17.1 247 

: 145,500 131,900 7.1 12.0 
3 Al-5 Fe 3.11 Al-4.43 Fe 147.700 132.700 40 82 302 
6 Al — 109,000 100,000 12.0 _ 250 

; + °F 121,000 110,100 6.9 9.8 
6 Al-l Fe 5.96 Al-1.02 Fe 120;400 109,000 51 125 269 

; ‘ : 139,700 131,700 2.0 1.7 
6 Al-3 Fe 6.20 Al-3.20 Fe 141.300 133.900 14 23 302 





Hardness. The hardness data as a function of iron 
content is shown for the three groups of alloys in 
Fig. 7. The curves in this figure show that the hard- 
ness increases in a practically linear fashion with in- 
creasing iron content. 

The rate of increase is affected, however, by the 
base aluminum content of the alloy. As the aluminum 
content is increased, the rate of hardening decreases. 

The hardness of cast titanium-iron alloys increases 
with increasing iron content. This increase in hard- 
ness is accounted for by the increase in the ratio of 
beta to alpha phases-in the alloy. The high hardness 
that was obtained for the 6.2 per cent iron is probably 
due to the presence of the coherent transitional phase 
“omega.” 1°. It has been shown that for systems of the 
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Fig. 5— Room temperature charpy impact energy vs. iron 
content for three series of cast tit: lumi: iron alloys. 





TABLE 4— Impact PROPERTIES OF CAST 
TITANIUM-ALUMINUM-IRON ALLOYS 





Energy at Testing Temperature (ft-lb) 
























































Alloy —l110F 78F 212F 
1 Al ‘ _ 70 oe 
1 Al-3 Fe 21.0, 20.5 28.5, 27.5 38.0, 38.0 
1 Al-5 Fe 12.5, 12.0 18.5, 19.0 28.0, 24.5 
3 Al _ 63 — 
$ Al-l Fe 30.0, 34.5 47.0 51.0, 50.0 
3 Al-3 Fe 19.5, 21.0 30.0, 31.0 36.0, 38.0 
3 Al-5 Fe 10.0 15.0, 18.0 25.5 
6 Al — 47 = 
6 Al-1 Fe 22.5, 23.0 $2.0, 34.0 37.5 
6 Al-3 Fe 10.0, 12.5 18.0, 25.0 21.5, 26.0 
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Fig. 6 — Charpy impact energy vs. testing temperature for 
cast titanium i iron alloys. 
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titanium plus “beta stabilizer” type, as the beta stabili- 
zer is added, the hardness reaches a peak and then 
drops off. In titanium-iron alloys this drop-off point 
would be beyond 6.2 per cent iron. 

In general, the alpha phase is relatively soft and 
ductile and moderately strong, while the beta phase 
is harder, less ductile, and stronger. Therefore, an 
increase in strength with a corresponding decrease in 
ductility would be expected as the beta-to-alpha ratio 
is increased. The plot of tensile strength versus iron 
content shown in Fig. 1 illustrates this effect. The 
high rate of the increase in strength, however, may 
be accounted for by the fact that a small addition of 
iron causes an appreciable increase in the beta-to- 
alpha ratio, and therefore a substantial increase in 
hardness and strength. 

In the titanium-aluminum-iron alloys, the strength 
increased as the iron content was increased, but the 
strengthening effect is not as great as that for the 
titanium-iron binary alloys. This is explained by the 
preferential solubility of aluminum in alpha titanium 
which strengthens the alpha phase. Therefore, the 
strength of the ternary alloys is governed by the ratio 
of beta, of approximately the same strength as in the 
binary alloy, to a stronger alpha. According to this 
reasoning, it might be expected that as the aluminum 
content is increased the strengthening effect of iron is 
decreased. The plot of the tensile strengths of the 
ternary alloys substantiates this expectation (Fig. 4) . 
However, it should be pointed out that although the 
strengthening effect of a beta stabilizing element is 
reduced when aluminum is added, the net result will 
be a ternary alloy that is stronger than a binary alloy 
with the same amount of beta stabilizer. 

The tensile properties that were obtained from 
the titanium-aluminum-iron, alpha-beta alloys were 
similar to the properties obtained from titanium- 
aluminum-silicon alloys.4 However, as stated previ- 
ously, titanium-aluminum-iron alloys can be strength- 
ened by heat treatment. Currently, the effects of vari- 
ous thermal treatments on the mechanical properties 
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Fig. 7 — Brinell hardness vs. iron content for three series of 
cast titani lumi: iron alloys. 





MECHANICAL PROPERTIES OF TITANIUM ALLOys 


of cast titanium-aluminum-iron alloys are being in- 
vestigated. The results of some preliminary work in- 
dicate that appreciable increases in strength can be 
obtained by proper thermal treatment of a titanium-3 
per cent aluminum-5 per cent iron alloy. 


Conclusions 


1) Iron additions increase the strength of both cast 
titanium and cast titanium-aluminum alloys. How- 
ever, in the ternary alloys the rate of increase in 
strength is related to the basic aluminum content. 


2) The maximum practical level of strength which 
is obtained in as cast titanium-iron binary alloys 
(approximately 135,000 psi) is somewhat less than 
the strengths obtained with other cast alloys of 
titanium. 


3) Cast titanium-iron binary alloys, containing 6 per 
cent or more iron have low ductility and impact 
strength. 


4) The maximum practical strength level of as cast 
titanium-aluminum-iron ternary alloys is approxi- 
mately the same as that of the all alpha type al- 
loys which contain aluminum and silicon. 


5) Cast titanium-aluminum-iron ternary alloys con- 
taining more than 5 per cent iron have low ducti- 
lity and impact strength. 
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EFFECT OF VARIOUS CLAYS AND OF 
TEMPERING METHOD ON SAND PROPERTIES 
AND CASTING QUALITY 


A. E. 


ABSTRACT 


Four commercial foundry bonding clays were tested 
to determine the properties they would produce in 
foundry sand mixtures. The clays tested were western 
and southern bentonite, Ohio fire clay, and Illinois illite. 
Two test batches of each clay were prepared, one by 
mulling and the other by mixing and aerating, to simu- 
late the treatments given to “synthetic” and to natural 
bonded molding sand. Ten heats of four castings each 
were poured in each sand mixture. The sand was re- 
bonded with clay as needed between heats. The temper- 
ing and molding behavior of the mixtures are described. 
The castings were rated for scabbing and surface finish. 
In respect to amount of binder used, ease of molding, 
and castings quality the western bentonite sample was 
superior to the other three clays in both the mulled and 
unmulled conditions. In the unmulled condition the illite 
sample was the only clay to produce a quickly prepared 
and easily controlled sand mixture. 


Introduction 


During recent years many data have been pub- 
lished about the properties obtained with “synthetic 
sand”, or composite sand mixtures. Most of this in- 
formation refers to the use of western bentonite, 
southern bentonite, or fire clay in mulled sand mix- 
tures, and is very useful for foundries which use a 
mulled sand system. 

For those foundries which do not have a mulling 
system of any kind these data are of less value. The 
present investigation of the properties of clays used 
in natural bonded sands was undertaken to obtain 
information which would be directly applicable to 
the small foundries. 

Four clays were tested. These were commercial 
samples of natural materials now being sold as foun- 
dry sand binders. At least three of the materials are 
used in “synthetic” sand systems. All are being used 
to some extent in natural bonded sand systems to 
rebond heaps in which some of the original clay bond 
has been burnt out, or has been diluted with burnt- 
out core sand. The materials tested were: 
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1) Western, or swelling type, bentonite. 
2) Southern, or non-swelling, bentonite. 
3) Ohio fire clay. 
4) Illinois illite. 


Method of Testing 


The clays were tested by using them to bond a 
New Jersey silica sand of the following screen distri- 





bution: 
U.S. Per Cent 
Screen No. Retained 
30 0.4 
40 2.6 
50 14.1 
70 40.5 
100 $4.7 
140 6.6 
200 0.9 
270 trace 
Pan trace 
AFS Clay trace 
AFS Fineness No. 59 


Two methods of tempering the sand were used, 
to correspond respectively to those used in “synthe- 
tic” and in natural bonded sand systems: 

1) The sand was mulled | min dry and 6 min wet 
in a foundry muller before each use. 

2) The sand for the initial use was prepared as 
above. For subsequent heats, the moisture and clay 
additions were mixed in by shovel. The sand was 
passed twice through an aerator. The western ben- 
tonite, southern bentonite, and fire-clay series could 
not be used immediately after they were prepared, 
and they were allowed to stand overnight after the 
first pass through the aerator. They were aerated a 
second time just before they were used. The illite 
series could be prepared and used the same day the 
molds were shaken out. Table 4 records when this 
was done. 

All test batches of sand were used for ten heats. 
The initial batch of each heat was mulled with 
enough clay to produce a green compressive strength 
of about 6.5 psi. Subsequent clay additions were made 
between heats to produce and maintain a green com- 
pressive strength of about 9 psi. 
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The history of the clay additions and of the sand castings from each heat were poured. Extra sand wa; 

properties for each heat is shown in Tables | to 4. used in the first heat, to ensure that after ten use 

there would be enough left to make the require: 

A test casting developed by the Steel Founders four molds. This extra sand was mixed in after each 
Society of America was used in this work.1 Four heat to keep the sand uniform. 


TABLE 1] — SAND PROPERTIES — WESTERN BENTONITE 























Green Green Green Dry 
“a Compressive Deformation, Tensile Compressive 
Additions, Ib Moisture, Permea- Strength, in. per Strength, Strength, 
Use No. Sand Clay % bility psi in. oz./in.? psi 
a) Mulled 
1 750 45 3.5 128 4.3 0.043 9.75 78 
2 _ 18 3.3 128 8.5 0.022 23.2 86 
3 —_ — 3.2 128 8.0 0.0195 20.7 59 
4 _— 3.5 3.3 128 9.0 0.022 19.8 72 
5 — 5.25 3.2 138 10.4 0.0225 24.9 59 
6 ~~ — 3.1 138 9.0 0.021 22.1 54 
7 _ 3.5 3.3 138 10.0 0.022 21.2 69 
8 — 3.2 138 10.3 0.017 22.1 54 
9 _— _ 3.4 138 8.3 0.021 15.1 64 
10 — — 3.5 138 7.9 0.024 14.0 72 
Total 
addition 750 75.25 
b) Unmulled (1st Use Mulled) 
1 750 50 3.9 138 6.8 0.026 12.9 97 
2 —_ 25 4.3 93 9.0 0.0295 17.4 56 
3 -- 15 4.4 90 11.8 0.027 20.6 67 
4 _ oa 5.5 93 8.6 0.032 13.6 48 
5 _ 10 4.1 93 10.6 0.0255 18.6 71 
6 _ — 4.2 102 10.0 0.0225 17.4 67 
7 _— _ 4.6 102 8.4 0.032 12.6 80 
8 _— 7 4.3 113 8.1 0.0195 12.6 59 
9 — 7 4.3 119 9.9 0.025 12.7 66 
10 — ae 4.2 99 8.6 0.029 11.7 68 
Total 
addition 750 14 
TABLE 2 — SAND PROPERTIES — SOUTHERN BENTONITE 
Green Green Green Dry 
a Compressive Deformation, Tensile Compressive 
Additions, Ib Moisture, Permea- Strength, in. per Strength, Strength, 
Use No. Sand Clay % bility psi in. oz./in.? psi 
a) Mulled 
1 750 50 4.3 165 6.1 0.021 9.7 53 
2 —_— 3.5 3.1 178 6.9 0.0175 13.6 50 
3 - 7 3.1 178 8.7 0.0185 18.8 55 
4 — 3.5 3.1 178 9.7 0.0195 20.1 60 
5 — _ 3.0 178 7.3 0.016 13.6 49 
6 _ 7 3.0 178 8.6 0.019 14.3 58 
7 —_ 3.375 3.0 178 9.5 0.0205 19.0 48 
8 _ 3.375 2.9 178 9.6 0.0185 18.7 48 
9 — 1.875 $.2 178 8.1 0.017 13.3 46 
10 -- 1.875 3.1 177 8.0 0.0165 12.5 47 
Total 
addition 750 81.5 
b) Unmulled (ist Use Mulled) 
1 75 50 3.9 163 7.0 0.0275 12.4 60 
2 — 25 3.8 122 10.9 0.0175 14.7 35 
3 — 5 4.2 122 7.4 0.026 11.9 44 
1 — 15 4.2 102 9.6 0.021 11.2 45 
5 _ 10 5.0 102 9.3 0.0265 13.4 60 
6 ~- 10 6.0 99 9.3 0.021 10.3 80 
7 — 5 6.5 102 8.5 0.024 9.9 63 
8 _— 10 6.0 100 10.3 0.0165 10.7 70 
9 _ — 6.4 88 8.0 0.0195 7.8 84 
10 — 10 6.6 85 8.5 0.0195 8.9 72 
Total 


addition 750 140 
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The molds were prepared to produce, as closely and jolt squeezed. The mold hardness average ranged 
is possible, a mold hardness of 80. The drugs were between 76 and 82. The average range of readings on 
rammed with a combination of hand ramming and any mold was about plus or minus five. 


machine squeezing. The copes were hand rammed 


TABLE 3 — SAND PROPERTIES — FIRE CLAY 























Green Green Green Dry 
ad Compressive Deformation, Tensile Compressive 
Additions, Ib Moisture, Permea- Strength, in. per Strength, Strength, 
Use No. Sand Clay % bility psi in. oz./in.? psi 
a) Mulled 
] 750 112.5 4.3 102 5.4 0.0275 78 72 
2 — 42 3.4 90 12.8 0.020 19.2 44 
8 _— —_— 4.4 88 9.6 0.0265 16.8 64 
4 — 4.3 101 11.1 0.0205 17.0 69 
5 _— a 3.6 101 10.4 0.016 16.4 44 
6 — —_ 4.5 99 9.5 0.0255 17.4 59 
7 —_ —_— 4.2 99 9.4 0.0185 15.0 55 
8 — _ 4.2 99 10.0 0.017 15.1 57 
9 — -= $.5 99 9.0 0.020 14.2 60 
10 — — 4.5 99 9.0 0.0225 13.3 58 
Total 
addition 750 154.5 
b) Unmulled (1st Use Mulled) 
l 750 112.5 4.4 102 5.3 0.022 8.6 62 
2 — 42 5.2 99 6.3 0.030 8.4 63 
3 — 42 4.7 102 10.7 0.0275 12.3 69 
4 —_ — 5.0 102 9.3 0.032 11.5 63 
5 —_ — 5.7 88 8.5 0.032 9.2 106 
6 — —_— 54 90 8.4 0.027 9.0 79 
7 ~- 10 5.8 90 8.6 0.0355 8.2 95 
8 _ _ 5.7 99 7.4 0.033 7.4 65 
9 —_— 20 5.8 99 96 0.0335 10.8 83 
10 — — 5.7 99 9.7 0.0295 9.4 75 
Total 
addition 750 226.5 
TABLE 4—SAND PROPERTIES — ILLITE 
Green Green Green Dry 
"7 Compressive Deformation, Tensile Compressive 
Additions, Ib pS Moisture, Permea- Strength, in. per Strength, Strength, 
Use No. Sand Clay % bility psi in. oz./in.? psi 
a) Mulled 
] 750 90 4.9 93 6.5 0.026 8.5 49 
2 — 24 4.5 96 11.1 0.0275 17.9 63 
3 — — 4.6 102 10.2 0.025 13.7 65 
1 — — 4.4 102 8.8 0.0255 12.3 58 
5 —_— 16 4.7 102 12.9 0.027 18.4 64 
6 — = 4.3 102 11.8 0.0255 19.6 49 
7 — — 3.9 102 12.2 0.0195 17.4 43 
8 — — 4.0 102 11.0 0.020 17.1 51 
9 _— —_ 4.1 102 10.6 0.0215 15.1 18 
10 — -= 3.9 102 10.0 0.0195 16.5 52 
Total 
addition 750 130 
b) Unmulled (1st Use Mulled) 
J 750 90 3.8 136 76 0.0175 13.2 42 
2 — 35 4.7 102 7.2 0.022 8.7 61 
3 (y) — 20 4.8 99 94 0.0185 11.1 49 
4 (y) — a 4.7 102 9.3 0.021 10.7 60 
5 == — 4.7 99 9.5 0.020 9.8 60 
6 (y) — — 4.9 99 7.1 0.026 7.7 69 
7 —_ 15 4.8 102 10.7 0.021 11.1 49 
8 (y) — —- 5.0 1¢8 8.3 0.0255 8.8 73 
9 (y) — — 4.8 102 9.3 0.0225 9.5 56 
10 — 5.2 102 8.1 0.0255 8.1 53 
Total 
addition 750 160 


(y) Sand used same day it was tempered. 
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The castings were poured in iron of the following 
approximate composition: 





per cent 
Et oy cas x wee 6 CEG 2 viscaeoee sae 3.25 
SN 5 ots bc caus dae dadeedeeued Sms Cibo e betes 2.30 
BE AS ee eet eee eet ee 0.17 
nn, us CREEL ES LT PEERERE CER ER LET 0.24 
as oe iC ce Ds oc a Jai ea ie ae wa satan 0.03 


The metal was tapped at 2732 F (1500 C), and the 
first molds were poured at 2462 F (1350 C). Temper- 
atures were measured with a platinum-platinum rho- 
dium thermocouple encased in a quartz tube. 


Tempering and Molding Behavior 


Time to Temper 

Illite was the only clay which allowed the sand to 
be used immediately after it was prepared without 
mulling. The unmulled mixtures of the other clays 
had to be allowed to stand for a half day or so for the 
moisture to become distributed and the sand work- 
able. 


Moisture Requirements 

Unmulled mixtures needed more water, and had 
to be tempered to a wetter “feel” than mulled ones, 
or they were difficult to mold. Unmulled sand mix- 
tures bonded with western bentonite, with southern 
bentonite, and with fire clay felt very dry when first 
prepared. These mixtures, after they were allowed to 
stand for about half a day with the optimum mois- 
ture content, felt somewhat on the wet side. This be- 
havior made these sands difficult to temper by ‘‘feel.” 
The unmulled illite mixture was easier to temper by 
“feel” because it changed little on standing. 

The unmulled fire clay mixture required a high 
green deformation (about 0.030 in./in.) to be work- 
able. The other mixtures could be tempered to about 
0.018—0.020 in./in. without being too dry. 

The moisture requirements of the unmulled mix- 
tures of southern bentonite and of fire clay increased 
as the sand became used. This was also the case, 
but to a lesser degree, with the mulled fire clay mix- 
ture. 


Moldability and Green Tensile Strength 


None of the mulled mixtures was difficult to mold, 
but some trouble was experienced at times with all 
of the unmulled mixtures except the one made from 
western bentonite. Ullite, fire clay, and southern ben- 
tonite followed in order of ease of molding, but the 
differences were not great. 

It will be noted (Tables 1-4) that for all of the 
clays the green tensile strength of the unmulled mix- 
tures is lower than that of mulled ones of equivalent 
green compressive strength. This may explain the 
difficulty encountered in molding unmulled mixtures. 

With one exception (mulled illite) the ratio of 
green tensile strength to green compressive strength 
decreased as the sand burnt out. It was also noted 
that burnt-out of sand was accompanied by increased 
molding difficulties, except in the case of the western 
bentonite system. This sand started with such a high 
green tensile strength that it was still adequate after 
ten uses. 


CLAY EFFECTS ON SAND AND CASTINGs 


Quantity of Binder Used 


The four clays differed considerably in the amount 
of binder required to produce a mixture with suit- 
able strength (Tables 1-4 inclusive). Western ben- 
tonite was required in the least amount, followed 
by southern bentonite, illite, and fire clay. This order 
was not changed by the tempering method. As 
would be expected, all four binders were required 
in larger amounts when the mixtures were not mulled. 
The percentage increases of binder used in the un- 
mulled mixtures over the mulled were: illite, 23 per 
cent; fire clay, 47 per cent; western bentonite, 54 per 
cent; and southern bentonite, 72 per cent. 


Evaluation of Test Castings 


1) Scabs 

Scabbing tendency was the most important factor 
which influenced the quality of the castings. The 
occurrence of scabs was somewhat spotty. In a single 
heat of four castings, examples might range from no 
scabbing at all to severe scabbing on both cope and 
drag surfaces. With such a scatter of results, a rating 
method appears to have as much value as a quanti- 
tative measurement of scab area. Only scabs on cope 
and drag surfaces of the scab plate were rated. The 
scabs were rated in three groups: small, medium, and 
large. Small scabs were less than 2 sq in. total area on 
a cope or drag surface of a plate; medium scabs were 
from 2 to 6 sq in. in area. Small, medium, and large 
scabs had ratings of 1, 2, and 3 respectively. The re- 
sults of these ratings have been plotted, and are 
shown in Figs. 1 to 4, inclusive. Examples of scabs, 
with their ratings, are shown in Figs. 5 to 12, in- 
clusive. 

Western bentonite scabbed the least, followed by 
southern bentonite. Fire clay and illite produced 
about the same amount of scabbing. There was a ten- 
dency for the clays, especially the bentonites, to pro- 
duce less scabbing in the unmulled condition. There 
was also a tendency for the bentonites to produce less 
scabbing around the fifth use than they did at the 
first or last of the series. 


2) Surface Finish 

The smoothness of the surface of the castings was 
evaluated. In this test the incidence of scabs was dis- 
regarded. Representative castings from the first and 
tenth heats were chosen for rating. The castings are 
shown in Figs. 5 to 12, inclusive. 

The method described by G. Hobman? was first 
tried, using several tests on each casting. It was found 
that the range of roughness readings for a single cast- 
ing was greater than the difference between castings. 
A large number of readings, and a great deal of com- 
putation, would be required to determine significant 
differences. This difficulty in obtaining good objec- 
tive readings led to the use of subjective ranking 
methods. The theory for these has been well devel- 
oped, and their use in other fields under similar cir- 
cumstances has become accepted.3.4.5 

Six judges were chosen who had had experience in 
appraising casting quality. Each judge ranked the 
sample castings in order of their surface roughness. 
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[he castings were grouped in two ways: in the first 
experiment according to the sand treatment, and in 
the second experiment, according to the type of clay 
used. The finest surface was ranked as No. 1. Thus, if 
all six judges agreed, the best sum of ranks which 
could be obtained was 6, and the worst either 18 or 
24, depending upon whether there were three or 
four castings in each group. The judges’ results are 
shown in Tables 5 and 6. 

The concordance method was used to analyze the 
ranking data. The results of the anlyses are shown 
in Tables 7 and 8. The spaces between items indi- 
cate the approximate degree of difference. 

A significant difference is one which was judged 
too great to have occurred by chance. The criterion 
used was the 10 per cent level. That is, if the proba- 
bility was less than | in 10 that the observed differ- 
ence could have occurred by chance, that difference 
was judged to be significant. 

In all the significant cases listed above, the proba- 
bility levels were much less than 1 in 10—in fact, 
they ranged from 8 in one million to 5 in one thous- 
and—so that there can be very little doubt that these 
differences are real. In the cases where significant dif- 
ference were not found, further judging by addi- 
tional judges may have found some differences, al- 
though these would be realtively minor. 
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Fig. 1 — Scabbing — western bentonite. 
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Western bentonite produced the best surface fin- 
ish in the mulled condition but, ignoring the scabs, 
there were no_ significant differences amongst the 
clays in the unmulled condition. 

At the 10th use the mulled sand was superior in 
surface finish to the unmulled when western ben- 
tonite and illite were used, but was little if any better 
when southern bentonite was used. Mulling produced 
a poorer surface with the use of fire clay. 

On examining the results of Experiment | the rank- 
ings with mulling and without mulling are consistent 
with the results of Experiment 2. This establishes the 
internal consistency of the program. 


Conclusions 


From these tests it appears that, in respect to 
amount of binder used, to ease of molding, and to 
casting quality, the sample of western bentonite tested 
is superior to the other three samples of clay in 
both the mulled and unmulled conditions. 

In the unmulled condition the sample of Illinois 
illite was the only clay to produce a quickly prepared 
and easily controlled sand mixture. 

It is well known that the properties of different 
samples of a clay mineral may vary widely. Also, in- 
teractions may occur when different clay minerals 
are used together; and additives can be used to modify 
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Fig. 3 — Scabbing — Fireclay. 
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Fig. 4 — Scabbing — lllite. 





CLAY EFFECTS ON SAND AND CASTING 


EIRE CLAY 
PinsT USE . FIRST USE TENTH use TENTH USE 


Fig. 5 — Western bentonite, drag (scab ratings, bis 2 : : 
lett to right, 1, 1, 1). Fig. 9 — Fire clay — drag (scab ratings, left to right, 2, 1, 0). 


_ MULLED MULLED 
FiNsT USE TENTH USE 


Fig. 6 — Western bentonite, cope (scab ratings, is 
left to right, 0, O, O). Fig. 10 — Fire clay — cope (scab ratings, left to right, 3, 3, 3). 


LITE 
MULLED MULLED UNMULLED 
FIRST USE TENTH USE TENTH USE 


Fig. 7 — Southern bentonite, drag (scab ratings, , , . : ole 
é left to right, 1, 2, = é Fig. 11 — lllite, drag (scab ratings, left to right, 1, 2, 1). 


‘UNMULLED 
TENTH USE 


Fig. 8 — Southern bentonite, cope (scab ratings, 
left to right, 3, 3, 2). Fig. 12 — Illite, cope (scab ratings, left to right, 1, 3, 3). 
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TasLe 5 — RESULTS OF JUDGING — EXPERIMENT | 
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TABLE 6— RESULTS OF JUDGING — EXPERIMENT 2 
































Treatment Clay Type Sum of Ranks Clay Type Treatment Sum of Ranks 
First use Western Bentonite 6 Western Bentonite First use 10 
Illite 14 10th use — mulled 8 
Southern Bentonite 16 10th use — unmulled 18 
Fireclay ? 24 Illite First use 7 
i0th use — mulled Western Bentonite 6 10th use — mulled il 
Illite 15 10th use — unmulled 18 
Southern Bentonite 18 Southern Bentonite First use 10 
Fireclay : 21 10th use — mulled M1 
10th use — unmulled Western Bentonite 14 10th use — unmulled 15 
Illite } 18 Fireclay First use 10 
Southern Bentonite 14 10th use — mulled 17 
Firechw M4 10th use — unmulled 9 
TABLE 7 — RESULTS OF STATISTICAL TABLE 8 — RESULTS OF STATISTICAL 
ANALYSIS — EXPERIMENT | ANALYSIS — EXPERIMENT 2 
Treatment Significant Rankings Clay Significant Rankings 
First use 1) Western Bentonite Western Bentonite 1) First use; 10th use — mulled — 
2) Ilite no significant difference 
8) Southern Bentonite 8) 10th use — unmulled 
4) Fireclay Ilite 1) First use 
10th use — mulled 1) Western Bentonite 2) 10th use — mulled 
2) Illite 3) 10th use — unmulled 
3) Southern Bentonite Southern Bentonite No significant difference for all three 
4) Fireclay treatments 
10th use — unmulled No significant difference for all Fireclay 1) 10th use — unmulled; first use 


four clays. 





clay properties. There has been no attempt here to 
estimate the importance of these factors. The results 
show, however, that clays differ greatly in their re- 
sponse to different sand preparation methods. Also, 
molding properties, such as green compressive 
strength, green tensile strength and cry compressive 
strength, are affected in different degrees by the con- 
ditioning method. For these reasons, the clays should 
be tested under the actual conditions under which 
they will be used in the foundry, and the emphasis 
in testing should be upon those properties which ex- 
perience has shown to be most likely to govern the 
molding process, and to affect the quality of the 
castings. 
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DISCUSSION 


Chairman: J. D. Juvce, Hamilton Foundry & Machine Co., 
Hamilton, Ohio. 
R. H. Jacosy, St. Louis Coke & Foundry Supply 
Co., St. I ouis. 

MemBer: You mentioned that scabbing tendencies were not 
reproducable. Did you control the pouring rate or temperatures? 

A. E. Murton: The pouring rate on all castings was constant. 
The rate of pouring was 20 seconds plus or minus a few seconds. 

Memrer: Would you explain the manner in which the ma- 
terials were added? Was the sequence, sand, clay and water; or 
sand, water and clay? 

A. E. Murron: There was no new sand added during these 
tests. The clay was mixed in dry, then the water was added. The 
sand was put through an aerator, the moisture was checked 
and made up to desired level. 

MemBER: We have obtained better results by first adding the 
water and followed by the clay. 

Memser: Would you explain the rating system used to evaluate 
the casting quality? 

A. E. Murton: The rating system was set up by Mr. R. C. 
Shnay, Canada Iron Foundries. Mr. Shnay is present and I 
would like to ask him to explain the rating system. 

R. C. SHNAy: Objective ratings are those in which the evalua- 
tions are rated as numbers. These numbers must be informative. 
If the information they convey becomes so small that they be- 
come insignificant, a subjective rating such as a personal opinion 
must be employed. In this study an objective rating did not 
make any sense. A subjective rating was employed. Six judges 
were selected to judge the surface appearance of the castings. 

The level of significance (when observers agree) was 0.05. 
This low level of significance meant there was only a small 
possibility of an error in judgement by the judges. The judges 
score agreed so closely in one case, the probability of error is 
8 in 7,000,000. In my opinion subjective ratings gave much 
superior results in this study. 








FEED METAL REQUIREMENTS FOR 
DUCTILE IRON CASTINGS 


By 


C. Reynolds,* J. Maitre,** and H. Taylor; 


Introduction 


The foundryman producing ductile iron castings 
is vitally interested in the feed metal requirement 
because it affects the yield on castings and the per- 
centage of scrap due to lack of feeding. Also, it is 
possible to produce many castings without risers if 
composition is properly adjusted, as is the case in 
gray iron. 

To fully appreciate feed metal requirements, it is 
necessary to understand the solidification sequence 
in ductile iron and how this compares with other 
metals. Solidification sequence is determined by com- 
paring the amount of solid and liquid existing in 
different parts of the casting at various times during 
solidification. This has been determined by making a 
series of plate castings, shaking them out, and 


*Assistant Professor, Department of Metallurgy, Massachusetts 
Institute of Technology, Cambridge, Mass. 

**Portions of this paper are based on a thesis submitted in 
partial fulfillment of the requirements of Master of Science 
degree, Department of Metallurgy, Massachusetts Institute of 
Technology; United States Steel, Johnstown, Penn. 

+ Professor, Department of Metallurgy, Massachusetts Institute 
of Technology, Cambridge, Mass. 





quenching them in water during various stages of 
solidification (at different times after pouring.). 

During freezing of the ductile iron castings only a 
small difference existed in per cent solid at the center 
and edge of the plates. In other words, the entire 
casting remained a mixture of liquid and solid most 
of the freezing process. When the mixture of liquid 
and solid moves freely, shrinkage results in a pipe in 
the riser and is called gross shrinkage. After the mix- 
ture of liquid and solid becomes “stiff” and can no 
longer move, the channels for feed metal get smaller 
and smaller as the casting continues to solidify and 
shrink until sponge, or interdendritic, type shrink- 
age occurs. Therefore, two types of shrinkage may 
occur in ductile iron, gross shrinkage and sponge 
shrinkage. 

Another important factor in determining feed 
metal requirements is the distribution of carbon and 
the volume occupied by graphite in the casting. The 
carbon is present in molten iron as soluble carbon. 
Upon solidification the carbon divides; a fraction is 
soluble in the solid iron and the remainder precipi- 
tates as graphite which occupies considerable space, 
and so counteracts shrinkage. To find the volume of 


Fig. 1 — Elimination of sponge 
shrinkage by increasing carbon or 
silicon contents of ductile iron; the 
two castings at left show effects of 
rigid and non-rigid molds on 
amount and type of shrinkage 
(both castings poured to same 
height). 
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graphite, one must consider that one cubic inch of 
iron weighs 0.284 lb while the same volume of graph- 
ite weighs only 0.0802 lb. The per cent volume of 
graphite can be found by multiplying the weight per- 
cent carbon in excess of that soluble in solid iron by 
three and one third. Thus, small changes in weight 
per cent carbon result in much larger changes in 
volumes. 

Yet another factor in shrinkage control is the mold 
itself. Since ductile iron castings do not form a 
strong, solid skin, any deformation in the mold cavity 
will be followed by the solidifying casting and will 
cause an additional requirement for feed metal in 
the casting. For this reason, it is important to know 
if a casting is made in a rigid mold such as a core or 
dry sand mold, or if it is solidifying in a non-rigid 
green sand mold. 


Sponge Shrinkage 


Figure 1, taken from previous work*, shows sponge- 
type shrinkage. Sponge shrinkage can be avoided by 
providing adequate graphite precipitation to 
counteract shrinkage of the freezing metal. The prob- 
lem is to know how much graphite is needed to ac- 
complish this. 

The graphite available to precipitate and occupy 
space is the total carbon in the iron minus that 
amount soluble in the austenite. Silicon is important 
in determining the amount of graphite available be- 
cause it changes the solubility of carbon in austenite. 
Other alloys, in the amounts normally present in 
ductile iron, have little effect on the solubility of 
carbon in austenite. 


*“Alloying and Heat Treating Spherulitic Graphite Cast Iron” 
by Foundry Section, Department of Metallurgy, Massachusetts 
Institute of Technology for Watertown Arsenal, Contract No. 
DA-19-066-ORD-1910 or Discussion of “Risering of Nodular Iron” 
contributed by C. C. Reynolds and H. F. Taylor, AFS TRans- 
ACTIONS, vol. 62, 1954. 
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By plotting observations on sponge shrinkage as a 
function of the two most important variables, carbon 
and silicon, a relationship between composition and 
the occurrence of sponge type shrinkage was de- 
termined. Per cent carbon was used as the ordinate 
and per cent silicon as the abscissa of a graph 
(Fig. 2) for designating the sponge shrinkage char- 
acteristics of a variety of castings made during a 
two-year period. This graph is concerned only with 
sponge, or interdendritic, type shrinkage which oc- 
curs in Castings over 3/-in. thick made in irons of 
certain compositions. 


Castings free of interdendritic shrinkage are rep- 
resented by black circles and castings exhibiting 
interdendritic shrinkage in the body of the casting 
are shown as white squares and open circles. For a 
sound casting showing few small areas of interden- 
dritic shrinkage in the riser at the bottom of the 
gross shrinkage cavity, the composition was desig- 
nated as having a sponge tendency and shown as 
white and black squares. 

An obvious grouping of the compositions occurs 
and a line could be drawn separating the composi- 
tions which produced interdendritic shrinkage from 
those which did not. This was a most important 
finding since it showed, for the variety of casting 
sizes investigated, that interdendritic shrinkage in 
ductile iron can be avoided by proper selection of 
composition. If the range of useful commercial com- 
positions is defined as an area between 2 and 3.5 per 
cent silicon and from 3 to 4 per cent carbon, it is 
found that a straight line separates the sound cast- 
ings from those containing interdendritic shrinkage; 
the equation of this line is 


3.9 = % T.C. + K% Si 
This means that silicon is only 4% as effective as 
carbon in reaching and exceeding the “threshold” 
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value of 3.9, which is necessary to avoid interden- 
dritic shrinkage in castings of thick sections. 
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Fig. 3 — Section of mold used to measure shrinkage accurately. 
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Total Shrinkage 


The total volumetric shrinkage of ductile iron is 
a function of four factors—liquid contraction, solid 
ification shrinkage, graphite expansion and mold 
cavity deformation (contraction or expansion). Any 
study that would lead to a better understanding of 
shrinkage must deal with these four variables. It is 
difficult or impossible to measure each separately, 
but by performing controlled experiments, differ- 
ences in measured values can be correlated with one 
or more of them. 


The solidification shrinkage measurements made 
in the solidifying test castings were relatively small; 
such small volumes could not be measured accurately 
by the fall in height of large risers, so a more 
critical method was required. For example, a 5-in. 
diameter riser would change a maximum of approx- 
imately 14-in. during feeding and, in general, small 
variations in this already small value are of interest. 


To overcome this difficulty the riser was made a 1-in. 
diameter cylinder surrounded by a sleeve of moldable 
exothermic material (non-metal producing type to 
keep it liquid during the period of solidification of 
the casting. This small diameter caused a change of 
6 to 8 inches in riser height during solidification as 
compared to the Y4-in. change in a 5-in. diameter 
riser. The exothermic sleeve was made from a com- 
mercial compound and mulled, rammed, and baked 
like a core sand mixture. The total shrinkage was 
measured using the mold shown in Fig. 3. Typical 





Fig. 4— Two castings made in molds used to measure shrinkage. 81—dry sand mold; 84—reen sand mold. 
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castings made in green and dry sand molds are shown 
in Fig. 4. Per cent shrinkage was calculated from the 
equation 


a (D)? 
(Ho—Hy) 4 


Ve +V, 


= original height in riser 





x 100 





Per cent shrinkage = 


where 


= final height in riser 


Hy 
H, 
D = riser diameter 
V.= volume of casting at 2100 F 
V 
» 


= volume of riser at 2100 F. 


The effect of silicon was measured on 5-in. cubes 
at three different silicon levels in both green and 
dry sand molds. (Green and dry sand molds were 
used to investigate mold wall movement.) The car- 
bon content was kept constant by casting all six 
cubes from one 300-lb melt; different amounts of 
silicon were added as a post-inoculant to give the 
different silicon levels. The effect of silicon on shrink- 
age was measured at 2.75 and 3.80 per cent carbon 
(Fig. 5). Increasing silicon lowers shrinkage at a uni- 
form rate at both carbon levels green or dry sand. 
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Fig. 5 — Effect of silicon content on solidification shrinkage. 
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Fig. 7 — Comparison of shrinkage in green and dry sand molds 
for different amounts of available graphite. 
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Fig. 6 — Effect of available graphite (carbon content) on 
solidification shrinkage. For green and dry sand molds. 
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Fig. 8 — Effect of casting size on mold deformation. 
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Since the effect of silicon on the solubility of car- 
bon in austenite is. known, it was considered this 
might be the only way silicon could affect shrinkage 
of ductile iron. Figure 2 shows one per cent silicon 
makes 0.183 weight per cent carbon (0.61 volume 
per cent graphite) available. This gives the same 
slope as the experimental curves of Fig. 5. Therefore, 
the effect of silicon on shrinkage is primarily one of 
changing the solubility of carbon in austenite, which 
makes a different amount of graphite available to 
compensate for shrinkage. 

It is not possible to add carbon easily to a single 
heat in the same manner as silicon, so to evaluate 
the effect of carbon on shrinkage a separate heat 
was made for each carbon level. On Fig. 6 the per 
cent total shrinkage was plotted versus per cent 
available graphite for dry sand and green sand 
molds. It is important to determine if this curve is 
reasonable, and if the available graphite is totally 
effective. If the metal were poured with no super- 
heat, and if there was no available graphite, the 
solidification shrinkage would be the same as that 
of steel, which is about 3 per cent. 

On Fig. 6 this hypothetical case is represented by 
point A on the ordinate axis. To offset 3 per cent 
solidification shrinkage entirely with graphite would 
require 3 volume per cent available graphite, assum- 
ing no mold deformation; such a_ metal is 
represented by point B. If it is assumed per cent 
shrinkage is a linear function of percent available 
graphite, the straight line AB of Fig. 6 represents 
the shrinkage of metals containing different amounts 
of graphite (when poured with no superheat). If 
metal A is poured with superheat, the shrinkage will 
be increased by about 1.6 per cent for each 100 de- 
grees Centigrade of superheat (same liquid contrac- 
tion as steel). 

The carbon and silicon contents were near to the 
eutectic composition; therefore, the freezing tem- 
perature for a high percentage of each melt was 
2100 F. The castings were poured at 2550 F. The dif- 
ference between pouring and freezing temperatures 
represents a superheat of 450F (232C) and, con- 
sequently, an additional contraction of 1.6 x 2.32 = 
3.72 per cent. The new total shrinkage of metal A 
will be 6.72 per cent and is represented by point C 
on Fig. 6. 

The line CD can be drawn, if the same assump- 
tions as for the line AB are made. Line CD repre- 
sents the theoretical values of shrinkage for cast irons 
of nearly eutectic compositions poured with 450 F 
superheat. The experimental data lies in a band 
parallel and to the right of the theoretical line. Part 
of this difference may be due to the graphite grow- 
ing in the austenite rather than the liquid. Also, the 
correction for superheat may not be exact. 


It is noticeable that the points for green sand 
molds are less scattered than the ones for dry sand 
molds. One possible reason for the better fit is that 
in green sand the mold deformation is quite sig- 
nificant and may overshadow the effect of other 
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factors. Considering the variables and the accuracy of 
the experiments, the results are encouraging. 

To study the influence of mold deformation on 
shrinkage both dry and green sand molds were used 
for measuring the shrinkage of the different com- 
positions (Fig. 7); by comparing the curves it can be 
seen the 5-in. cube castings made in green sand molds 
exhibited about 1.3 per cent more shrinkage than 
when made in a dry sand mold. 

Cube castings of four sizes (5, 4, 3, and 2 in.) were 
used for investigating effect of casting size on shrink- 
age. Of the four factors which influence total 
shrinkage only the mold cavity deformation should 
be affected by casting size. To evaluate mold cavity 
deformation as a function of casting size, one value 
of total shrinkage was obtained for dry sand and 
one for green sand at each metal composition. The 
difference between these two values was converted 
into mold-wall movement by multiplying the differ- 
ence in shrinkage by the ratio of the volume to the 
actual surface area of the casting. 

This assumes that each mold face moves the same 
amount. By actual surface area is meant the area 
through which heat flows from the casting; the upper 
surface of the cube on which rests the exothermic 
sleeve was not included in the actual surface area. 
This calculated dimension is the amount each sur- 
face would move to account for the difference in 
shrinkage between green and dry sand; the values 
obtained were plotted (Fig. 8) as a function of cast- 
ing size. A general trend showing increased mold- 
wall movement with increasing casting size exists. 
The slope of the curve is 0.003 in. of surface move- 
ment per inch of casting size. It is of interest that 
an extrapolation of the data passes through zero. 


Summary 

It can be stated for feed metal requirements of 
ductile iron castings that: 

1) Ductile iron castings remain a mixture of 
liquid and solid throughout most of the casting dur- 
ing the entire solidification time which results in 
gross and sponge type shrinkage. 

2) Precipitating graphite is beneficial in lowering 
feed metal requirements, and if present in sufficient 
amount many castings can be made in rigid molds 
without risers. 

3) The main effect of increasing silicon is allow- 
ing more graphite to precipitate because of the de- 
creased solubility of carbon in austenite. 

4) Because of the mushy-type freezing, mold cav- 
ity deformation is important. Feeding requirements 
are minimized in a rigid mold, such as core or dry 
sand. 

5) Sponge-type shrinkage in heavy sections can be 
avoided by having per cent TC + ¥ per cent Si 
equal to or greater than 3.9. 

6) For castings made in non-rigid molds, the 
larger the section the greater the mold deformation 
and shrinkage. 








THE FLUIDITY OF SOME ALUMINUM ALLOYS 


By 
S. Floreen* and D. V. Ragone** 








ABSTRACT TaBLe | — Fiumiry oF ALUMINUM ALLOys* 
The fluidity of aluminum-copper (0-33 per cent Cu) 

and aluminum-magnesium alloys (0-33 per cent Mg) Alloy No. Comp. Temp., C Fluidity, in. 
was measured using glass tubes as the fluidity channel. - 
The fluidity of the alloys both at the liquidus and above 1 100%, Al 660 11.8 
varies inversely with the solidification range. 660 12.0 
i — nee . 675 14.7 
In considering the variation of fluidity with alloy 695 16.8 
composition it has been noted that values of fluidity 702 17.5 
vary inversely with the solidification range of the 718 a4 
alloy (1, 2, 3, 4). This relationshi bo a 7 
alloy (1, 2, 3, 4). This relationship was borne out in 2 2.86%, Cu 658 °5 
the lead-tin system recently using a new fluidity test 690 4.8 
in which glass tubing was substituted for the classi- a rd 

=e 4 ae me 9° : 
cal fluidity channel. The purpose of this investiga at 7.12% Cu 649 4.95 
tion was to determine the fluidity of aluminum-cop- 679 6.0 
per and aluminum-magnesium alloys using this new 680 6.25 
test in order to observe their variation of fluidity be - 
e M ce e “ e e ¢ 

with composition. These alloys afford ample oppor- 4 10.45% Cu 612 15 
tunity to obtain variation in solidification range. 650 3.5 
661 4.25 
Experimental Procedure and Results 677 5.0 
soonest tananens 5 20.65% Cu 601 3.5 
The fluidity determinations were conducted using 623 4.8 
glass tubes and a regulated vacuum system described mo - 
in a previous publication4 and illustrated schematic- ess as 
ally in Fig. 1. The vacuum was adjusted so as to simu- 672 9.0 
late a 10-in. pressure head of metal and the inside 6 32.98%, Cu 551 15.7 
diameters of the tubes were all within the range ous 16.0 
‘ : " a es 575 21.0 
0.201 - 0.204 in. A minor variation on the original 585 91.0 
test procedure was made. The wax wafer used to 620 28.0 
provide instantaneous pressure application was eli- — Hg 
minated and a quick-opening valve substituted. - 4.85% Mg 643 10 
The tests were conducted by heating the alloy to 661 1.5 
approximately 100 C above its liquidus and allowing be. ee 
it to air cool while five or six tests were taken to 3 10.96% Mg ann 15 
establish the fluidity versus temperature curve. Care 609 1.75 
was taken to insure that oxide particles floating on 661 3.0 
the liquid surface did not clog the tip of the test on rs 
channel. The values of fluidity were measured from 5707 538 7 
: Bre 9 20.57% Mg 533 75 
the tip of the channel to the end of the solidified 559 2.0 
metal. 575 3.0 
609 4.25 
The results of these tests are tabulated in Table 1. 645 6.5 
Figure 2 is a representative plot for two of the alloys, 701 7.75 
one with a large solidification range (No. 9) and 10 33.0% Mg - a 
one with a eutectic type of solidification (No. 10). 540 14.1 
Figures 3 and 4 plot fluidity at the liquidus and at 621 17.8 
659 19.8 


*Fluidity measured with effective pressure head of 10 in. of alloy 


*, **Graduate student and Assistant Professor, res ively, at : soe” ; “ 
d iotant BP ee : in tubes of inside diameter 0.201 in. 
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Fig. 3 — Fluidity vs. composition — Al-Cu. 


Discussion 


A cursory examination of Figs. 3 and 4 indicates 
that those alloys with larger solidification ranges have 
lower fluidity values both at the liquidus and at 
equal temperature increments above. Figure 2 illus- 
trates the same phenomenon but was plotted to 
show that alloys with a large solidification range (for 
example, No. 9) depend mainly on superheat to 
achieve fluidity, while alloys with small solidification 
range (No. 10) have considerable fluidity at the 
liquidus. 

A more careful examination of these diagrams 
(Figs. 3 and 4) reveals that the minimum in fluidity 
does not occur at the maximum solidification range 
on the equilibrium diagram, but occurs to the left of 
it. This is explainable by the fact that in the fluidity 
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test, equilibrium conditions are not maintained dur- 
ing freezing.6 If we assume that in the freezing pro- 
cess, there is no diffusion in the solid and perfect dif- 
fusion in the liquid, a non-equilibrium solidus may 
be calculated and drawn (dashed) in the space to 
the left of the equilibrium solidus.5 For the purpose 
of this explanation, it is assumed arbitrarily that 
flow of the liquid ceases when 99 per cent of the 
liquid has frozen. This concept yields a better agree- 
ment between the position of minimum fluidity and 
maximum solidification range. 

It is to be noted that the assumptions of this type 
of non-equilibrium solidification are not strictly valid. 
Ihe diffusion in the liquid is far from perfect. The 
calculation of the non-equilibrium solidus also de- 
pends on a material balance in the freezing material, 
that is, that the average composition of the solid 
across a section is the same as the average composi- 
tion of the liquid alloy from which it was solidified. 
This condition is not fulfilled in the fluidity test 
since the solute rejected at any point by the freezing 
at the walls is not retained in that section to be frozen 
in later but flows downstream. In spite of these objec- 
tions, the assumption of this type of non-equilibrium 
freezing is probably a closer approximation to the 
phenomenon occuring in the fluidity spiral than is 
the freezing described by the equilibrium diagram. 

Concerning the use of glass tubes as the fluidity 
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channel, no difficulty was experienced with these 
aluminum alloys except for some isolated cases in 
which the fluidity channel was not completely filled 
in sections due either to an excessively high vacuum 
or to an excessively severe bend in the glass tube. 
These conditions are easily corrected. This test should 
be successful on other aluminum alloys. Cracking of 
the tubes due to thermal shock is not serious because 
cracking occurs only after the fluidity test is com- 
plete (less than 14 second).4 


Conclusions 
1) The fluidity of Al-Cu and Al-Mg alloys varies in- 
versely with solidification range. 
2) This variation in fluidity is more closely related 
to a non-equilibrium solidification range than to 
the range indicated on an equilibrium diagram. 
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TRANSPORT OF FEED METAL DURING SOLIDIFICATION OF 
TAPERED STEEL BARS 


By 


E. J. Sullivan, Jr..* C. M. Adams,** and H. F. Taylor; 


ABSTRACT 


Experimental and theoretical studies have been made 
of the padding requirements for cylindrical cast plain 
carbon steel bars. Convex parabolic distribution of 
metal for padding was found to produce castings in 
which shrinkage, if any, was. distributed uniformly over 
the lengths of the bars, and theoretical reasoning is pre- 
sented indicating this form of padding would be more 
efficient than, for example, straight or concave taper. 
The degrees of padding and carbon content were varied, 
and results duplicated, for 5 carbon levels and 3 
amounts of padding. Test castings one foot long, taper- 
ing parabolically from 1 in. in diameter to 2 in. in 
diameter at the risered end, were cast sound or nearly 
sound using steels containing 0.10 to 1.4 per cent car- 
bon. Pure metals required much less padding than steel 
because of their smooth liquid-solid interfaces. 


Introduction 


To produce a sound cast structure, the foundry- 
man universally uses risers\or reservoirs of liquid 
metal to compensate the shrinkage which occurs dur- 
ing solidification. For the riser to function properly, 
the location and size of the riser and the shape of 
the casting must be such that two main physical con- 
ditions are realized: 

1) The riser must be large enough to remain liquid 
at least as long as the casting, and contain enough 
“extra” liquid metal to feed the casting. This is pri- 
marily a thermal problem which has been studied 
experimentally! and theoretically,?-3 and is fairly 
well understood. 

2) The frictional resistance to the flow of feed 
metal from the riser into and through the casting 
must not be large enough to cause cavity formation. 
Assuming that the riser is large enough and is not 
isolated from heavy sections by light sections, there 
may still be a major fluid transport problem, even 
in simple shapes. This fluid flow difficulty is widely 
appreciated, much discussed, but poorly understood. 
It is inherently a much more complicated problem 
and more difficult to solve practically than that of 
dimensioning risers, since casting design, riser loca- 
tion, and many physical characteristics of the alloy 
influence the flow of feed metal. Studies described in 
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this paper were aimed at developing techniques for 
eventually collecting fundamental data on the physi- 
cal factors which limit the flow of feed metal in a 
casting. 

Of the investigations which have been performed 
on the transport of feed metal from risers and through 
castings, most, if not all, have emphasized steel. Re- 
cent work has included exhaustive quantitative 
studies of the distances which uniform steel sections 
(bars and plates) or joined sections can be fed by 
single risers.4-5 The feeding of uniform sections has 
also been treated theoretically and experimentally 
using pure metals (including armco iron).§ Earlier 
work of Brinson and Duma established limits on the 
minimum taper or padding which must be added. to 
feed an indefinitely long, uniform plate from a single 
riser.7 

In principle, the same fluid flow difficulties pre- 
vail in non-ferrous castings as in steel, but the magni- 
tude and distribution of the flow channels may be 
vastly different. Most non-ferrous alloys solidify in a 
pronounced dendritic or “mushy” fashion, so that dur- 
ing freezing an entire sand casting may consist of a 
mixture of liquid metal and solid dendrites.6 Flow 
channels are, therefore, interdentritic and almost mic- 
roscopic, and shrinkage in a gas-free non-ferrous cast- 
ing may be widely dispersed. On the other hand, low 
alloy steel castings freeze fairly definitely from the 
mold walls inward, and the liquid channel is lo 
cated roughly along the geometric or thermal center 
of the section. Thus, when flow breaks down, for 
example, in a uniform steel section, centerline shrink- 
age results, a phenomenon uncommon in non-ferrous 
alloys. Centerline shrinkage may be observed in 
castings of nearly pure metals or dilute alloys of low 
thermal conductivity. 

To take full advantage of information already 
available, and extend the development of “castable” 
designs in other metals as well as steel, basic under- 
standing of the mechanisms which obstruct flow of 
feed metal is essential. Work described in the follow- 
ing paragraphs had three specific objectives: 

1) to determine minimum taper to be added to 
produce sound, cylindrical bars of carbon steel, cast 
in sand, unchilled, and with risering from one end, 
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Fig. 1 — Center section of parabolic casting during soliditi- 

cation of a dilute alloy. Liquid and solid zones are drawn to 

scale. The length of the pattern is 12 in., the diameter of the 

small end, 1 in., and of the large end 2.2 in. During soliditica- 

tion the liquid-solid interface moves toward the riser at a 

constant speed without changing shape, except near the ends 
of the casting. 


2) to establish the influence, if any, of carbon on 
the taper requirements and shrinkage characteristics 
of steel, and 

3) to develop a test casting and techniques for 
gathering data which may be easily interpreted and 
lend themselves to (future) theoretical analysis. 


Test Pattern Design 

In padding a uniform casting section, not only the 
amount but the distribution of the added metal is 
important. Usual practice is to use a straight tapered 
section in which the thickness of the pad increases 
linearly from the cold end of the casting to the 
riser. Although straight taper is easiest from the 
pattern-making standpoint, it probably does not rep- 
resent the: most efficient distribution of the metal for 
feeding. Purely theoretical considerations, outlined in 
the following paragraphs, resulted in adoption of a 
curved distribution of metal for padding uniform 
bars. 

In studying the problem of centerline shrinkage 
in a cast section, one is concerned with conditions 
prevailing when the last elements of metal are solidi- 
fying, since this is when cavity formation takes place. 
Consider, for example, the subject problem: solidifi- 
cation of a tapered bar. The critical period will 
come after the cold end of the bar has completely 
solidified, and the chill-end effect is no longer influ- 
ential. At this stage there is a tapered liquid zone, 
somewhat as shown in Fig. I, which moves progres- 
sively toward the riser. Feed metal flows toward the 
end of the liquid zone from the riser. The shape of 
the liquid zone and the rate with which it moves 
toward the riser determine whether or not cavaties 
form. If the liquid zone has sufficient taper, the flow 
path is not constricted and so complete feeding 
may be realized. In other words, the fundamental 
reason for tapering the pattern is to achieve taper in 
the liquid flow path. 

Given the shape of a tapered bar, it is possible to 
estimate the shape of the liquid zone at the late 
stage described above, when the end effect is: no longer 
important, and the liquid zone extends an appreci- 


able distance from the riser. The relationships used 
in making such a calculation are set forth in the 
Appendix, and may be regarded as an extension of 
Chvorinov’s Rule. Working with these theoretical 
relationships, it was found that a bar tapered to a 
parabolic shape seemed to represent an ideal distri- 
bution of padding. In such a bar the shape of the 
liquid zone would remain unchanged (after the chill- 
end effect had faded) as it progressed toward the 
riser, and the velocity with which it moved would 
also be constant. Furthermore, during this stage of 
solidification, feed metal would flow at a constant 
velocity, Thus, centerline feeding conditions would 
be uniform over a major portion of the bar. 


From a research standpoint, the idea of parabolic 
padding: was appealing, providing the theory was 
accurate, in that visual observation and comparison 





Fig. 2 — Test pattern. K = 0.04 in. 
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of different bars would be greatly facilitated by uni- 
form distributions of shrinkage (if any) over appre- 
ciable portions of the bars. From a practical stand- 
point, a bar which was barely sound would be so 
over its entire length and would seem to represent 
an example of maximum padding efficiency. Since 
one purpose of the research was to establish mini- 
mum padding requirements, the parabolic shape 
seemed an obvious choice. 

The problem selected was to cast a cylindrical bar 
one foot long and one inch in diameter, padded and 
risered from one end. Three patterns were made 
having substantially different amounts of padding. 
A longitudinal section through the casting with the 
heaviest pad is shown in Fig. 1. Also shown (to scale) 
is a calculated liquid-solid interface during the cri- 
tical stage of solidification. Equations of the liquid- 
solid interface and the pattern surface are listed in 
the Appendix; both surfaces are paraboloids. In Fig. 1 
the equations give radius, R, in terms of the dis- 
tances, X and X1! from the vertices of the two para- 
bolas. For purposes of calculating pattern dimen- 
sions, it is more convenient to express the pattern 
radius, R, as a function of the distance, S, from the 
small end of the pattern, and Ro, the radius of the 
small end of the pattern: 


» R= vKS + Ro? 
where K is a constant. 
Table 1 lists values in inches for the three pat- 


terns used. One of the patterns, with the riser in posi- 
tion, is shown in Fig. 2. 


Experimental Procedure 
Steels of five carbon contents were poured into 
molds made from the three patterns described above, 
sectioned, and radiographed. All tests were run in 
duplicate and some in triplicate. A few exploratory 
castings were poured of pure tin and lead. 


A. Melting Practice 

Seventy-pound heats were prepared of armco iron 
and cast iron scrap low in sulphur and phosphorus. 
The metal was induction melted in (and cast from) 
clay graphite crucibles with basic linings. Ferrosilicon 
and ferromanganese were added to bring the metal to 

















TABLE | 
Radius of the V 24K + 0.25, 
Total Length, Small End Radius of the 
in. Ro, in. K, in. Large End, in. 
12 0.5 0.08 1.10 
12 0.5 0.04 0.85 
12 0.5 0.01 0.61 
TABLE 2 
Nominal Measured Aluminum 
Carbon, Pouring Addition, 
% Temperature, F % 
0.1 2870 0.15 
0.2 2850 0.10 
0.3 2830 0.06 
0.6 2750 0.04 
1.4 2650 0.04 
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0.25 per cent silicon and 0.80 per cent manganese. 
Aluminum was added immediately before casting in 
amounts varying from 0.04 per cent to 0.15 per cent, 
after the metal had cooled to the desired pouring 
temperature (about 50F superheat) as measured 
by Pt-Pt-10 per cent Rh thermocouples (Table 2) 


A few 100-lb duplicate heats were synthesized of 
pure carbon and armco iron and melted in unlined 
clay graphite crucibles. 


All heats were analyzed for carbon, and silicon and 
manganese and were checked occasionally; carbon 
analyses are listed under each radiograph in Fig. 3. 


B. Molding 

Molds were rammed from bentonite-bonded syn- 
thetic sand (AFS No. 120) with 4 in. side blind risers 
gated tangentially and provided with atmospheric 
pressure cores. The molds were positioned slightly off 
the horizontal, so the metal flowed uphill (about 5° 
tilt) . 


C. Radiography 

Slabs %,-in. thick were cut longitudinally from 
the centers of the patterns and subjected to trans- 
verse radiography. 


Discussion of Results 


A. Radiographic Results 


A complete series of radiographs is presented in 
Fig. 3 showing effects of the amount of padding and 
the carbon content. The story can be summed up 
briefly: carbon influences the appearance and 
amount of shrinkage, but, within the sensitivity of 
these tests, not the incidence of shrinkage. There is 
very little difference in shrinkage behavior over the 
range 0.13 to 0.30 per cent carbon, although the 0.13 
and 0.30 per cent carbons are slightly worse than 
0.23 per cent carbon. This might be related to the 
fact that the freezing range goes through a minimum 
at 0.18 per cent carbon (according to the iron-carbon 
diagram). Increasing carbon beyond 0.30 per cent 
seriously extends the freezing range and consequently 
spreads the shrinkage over a wider zone, and at 1.5 
per cent carbon the term “centerline shrinkage” 
ceases to have meaning. In Fig. 4 a duplicate series 
of low-carbon castings are shown to indicate the 
reproductibility of results. 


The most remarkable feature is the overwhelm- 
ing influence of the amount of padding. None of the 
K = 0.04-in. castings is sound, and all of the K = 0.08-in. 
castings are nearly sound, the worst being the one 
containing 0.6 per cent carbon (Fig. 3d). Shape is 
vastly more influential than carbon content in pro- 
ducing sound castings. The liquid zone shown in Fig. 
1 can apparently accommodate fluid flow even under 
mushy conditions. 


The 1.4 per cent carbon castings are difficult to in- 
terpret. The tendency toward mushy solidification 
so disperses the shrinkage that, at a glance, the cast- 
ings appear more sound than the 0.6 per cent carbon. 
Close scrutiny, however, reveals much fine unsound- 
ness in the 1.4 per cent carbon, K=0.04-in. casting. 
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0.13 Per Cent Carbon, K = 0.01" 





0.13 Per Cent Carbon, K = 0.04" 





0.25 Per Cent Carbon, K = 0.08" 


Fig. 3A (above) Fig. 3B (below) 





0.29 Per Cent Carbon, K = 0.01" 





0.23 Per Cent Garten, Ka 0.04 





0.23 Per Cent Carbon, K = 0,08" 
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0.26 Per Cent Carbon, K = 0.01" 





eal te gets 


0.30 Per Cent 


a, K = 0.04" 





0.30 Per Cent Carben, K = 0.08" 


Fig. 3D (below) 


Fig. 3C (above) 





0.63 Per Cent Carton, K = 0.02" 





0.63 Per Cent Carbon, E = 0.04" 





0.63 Per Cent Carbon, K = 0,06" 








ve) 


9 


E. J. SULLIVAN, C. M. Apams, H. F. TAytor 3 


1.42 Per Cent Carbon, K = 0.01" 





1.42 Per Cent Carbon, K = 0.04" 





1.42 Per Coat Carbon, EK « 0.08" 


Fig. 3E (above) Fig. 4— (Below) Duplicate low carbon castings. 


0.13 Por Cent Carben, K = 0.01" 





0.12 Per Gent Carben, K = 0.04" — 





of 
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B. Padding Efficiency 


The parabolic K=0.08-in. pad probably represents 
the minimum possible for absolute soundness since 
a trace of shrinkage could be observed in most of 
these castings. Padding efficiency could have been 
benefited by taking advantage of the end effect; a 
certain length of the bar, at the cold end, could be 
made sound without benefit of padding.5 

A very important consequence of the parabolic 
mode of padding is that heavy sections should require 
much less padding than light sections for the same 
feeding conditions. In the casting one foot long and 
one inch in diameter, padded so that K = 0.08-in., 
the pad constituted two thirds of the metal poured. 
If the dimensions of the bar were doubled (2 ft long 
and 2 in. in diameter), and K = 0.08-in., the pad would 
amount to only one third of the total weight. This 
observation is in agreement with the usual practice 
of using relatively lighter pads on heavy sections. 


C. Mechanism of Solidification 


Although the mode of solidification, as influenced 
by carbon content, did not greatly affect the minimum 
padding requirement for steel, castings of pure lead 
and tin were made radiographically sound using the 
patterns with K = 0.01-in. Nearly complete absence of 
dendritic solidification apparently facilitates feeding 
of pure metals by reducing fluid friction. The smooth 
liquid-solid interface indicated in Fig. | would pre- 
vail only for pure metals. In steel this interface would 
have the same shape, but would be rough because of 
the slight freezing range of plain carbon steel. For 
alloys which exhibit wide freezing ranges, the situa- 
tion portrayed in Fig. 1 breaks down completely (see 
Fig. 3e); instead of liquid and solid zones, the whole 
casting may be a mixture of liquid and solid at cer- 
tain stages during solidification. 


Conclusion 


1. Theoretical analyses of solidification of tapered 
sections suggest that padding for uniform bars should 
be distributed parabolically. Thus, if it be desired to 
produce a cylindrical bar of radius, Ro, and length, 
L, padding would be added so that 


R=\KS+ Re 


where’K is a constant, and R the radius of the padded 
section at a distance, S, from the small (cold) end of 
the casting. 

2. For aluminum-killed steel containing 0.25 per 
cent silicon, 0.80 per cent manganese, and 0.10 to 1.4 
per cent carbon, K has a minimum value of 0.08 in. 

3. Carbon influences the visual appearance but 
apparently not the incidence of shrinkage, over the 
range investigated. 

4. The mechanism of solidification may change at 
very low carbon contents, so that less taper would 
be required for nearly pure iron. Pure tin and pure 
lead were cast sound with K =0.01 in. 

5. The theory behind parabolic padding was some- 
what substantiated by a) the uniform distribution of 
shrinkage barely visible in some of the K = 0.08 in. 
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bars, and b) the small amount of padding required 
to cast a sound slender bar. 


6. Parabolic padding requires less metal (by weight 
fraction) for large diameter bars than for small bars. 
Padding efficiency could be further improved by 
taking full advantage of the chill effect at the small 
end of the casting. 


Future Work 

This paper has been presented in the spirit of a 
progress report. Continued effort will lie in three 
major areas: 

1. Experimentation with larger bars of steel will be 
performed to discover whether the predicted effect 
of size on padding requirement is valid, and studies 
of the beneficial end effect will be incorporated into 
the work on steel. 

2. Fluid flow analyses will be completed in the 
most accurate possible fashion. One anticipated re- 
sult will be prediction of the influence of the thermal 
properties of mold materials on padding require- 
ments. The parabolic shape involves fluid flow at 
constant velocity—the absence of liquid acceleration 
will greatly facilitate the analysis. 

3. Work will be done using very dilute alloys of 
lead in tin to establish the minimum alloy content 
(and hence dendritic freezing) which will seriously 
influence fluid friction. Addition of 0.10 per cent 
carbon (plus silicon and manganese) to pure iron 
apparently causes a serious roughening of the liquid- 
solid interface, so that additional small amounts of 
carbon are not very influential. 
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APPENDIX 


The following relationships comprise an outline 
derivation of the shape of the liquid-solid interface 








E. J. Suttivan, C. M. Apams, H. F. Taytor 


in a parabolically tapered bar of a dilute alloy, freez- 
ing in a sand mold. The relationships show that the 
shape and velocity of the interface do not change 
(except at the ends of the bar) during the critical 
time that the end of the liquid zone travels toward 
the riser. It can also be shown that other forms of 
padding, such as straight taper, do not produce uni- 
form feeding conditions. 

The terms used in the equations are defined below; 
all quantities (including K) have dimensions of length 
and have been expressed in inches throughout this 
report. 


y =radius of liquid-solid interface. This varies with 
distance along the liquid zone (Fig. 1). 
R_ =radius of pattern. This varies with distance along 


the length of the pattern (Fig. 1). 


R =radius of the pattern at the end of the liquid 
zone. 

X, = distance (toward the riser) from the vertex of the 
paraboloid which constitutes the surface of the 
pattern (Fig. 1). 

X =distance (toward the riser) from the end of the 
liquid zone. 

X, =distance from the vertex of the pattern para- 
boloid to the end of the liquid zone. 

Xo = Xo —X (In Fig. 1, Xo =7 in.) 

K =constant. 

S =distance from small end of pattern. 

L =total length of pattern. 

Ro = radius of small end of pattern. 


The parabolic surface of the pattern has the equa- 
tion (see Fig. 1) : 


R? = K Xo (1) 


This can be rewritten in two ways which do not in- 
volve Xo: 


R?=K Xo (2) 
R?=K (X + Xo) (3) 


The Chvorinov relationship is applied as follows: it is 
assumed that a) all sections of the casting have been 
freezing for the same length of time, and b) at a sec- 
tion of the casting having radius, R, the rate and 
timd of solidification is the same as that for a long 
cylinder having radius, R. Consider two different 
cross-sections taken perpendicular to the axis of the 
bar so that they cut the liquid zone. Using the Chvori- 
nov equation it may be shown that, at one of the 
cross-sections, the ratio of the solid cross-sectional 
area to the circumference is equal to that for the 
other cross-section, since both have been freezing for 
the same length of time. At the end of the liquid 
zone, this ratio is equal to the cross-sectional area of 
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the bar divided by the circumference of the bar. The 
reasoning is outlined below: 


cross-sectional area of solid portion 





; , at a given liquid- 
circumference of bar 8 1 


: s cross-sectional area of solid portion 
solid section equals ? 





circumference of bar 
at any other liquid solid section also equals 


cross-sectional area of bar , : 
, at the section which touches 





circumference of bar 


the end of the liquid zone. 


x R?—7r x R? 

27R eR “) 
Note that a) while Chvorinov’s Rule is ordinarily 
used to estimate the time required for a shape to 
completely soldifiy, it applies equally well to calcula- 
tions involving partial solidification, wherein V/A 
would be solid volume divided by surface area, and 
b) at a liquid-solid section, solid cross-sectional area 
divided by circumference equals the solid volume of 
a thin slice of metal divided by the surface area of 
that slice in contact with sand. If the slice is of 
thickness, ft, 








a(R?—r*)t «R?—-r? 
27Rt 2¢R 
Equations (2), (3) and (4) may be combined to 
show that, if X, is larger than X, 
K 
r? =—-X (5) 
2 
Equation (5) is a very close approximation of the 
liquid-solid interface. In other words the liquid-solid 
interface is a paraboloid having a K value equal to 
half that of the pattern, Equation (5) does not in- 
volve Xo, or Xo, so the shape is independent of the 
location of the end of the liquid zone. 
Since the time required for a section to freeze is 
proportional to R?, the rate with which the end of 
the liquid zone travels “upstream” is constant. 


solid volume 


surface area __ 





Equation (1) can be written more conveniently for 
pattern design: 


R= VK S + Ro? (6) 


The weight of the pad divided by the weight of the 
unpadded bar equals 


KL 

2Ro? 
The above quantity shows that the relative weight of 
padding required increases for long thin bars. In- 
creasing the radius or decreasing the length of a uni- 
form bar decreases both the weight and thickness of 
padding required. 








PROPERTIES OF MOLDING SANDS UNDER CONDITIONS 
OF GRADIENT HEATING 


By 


N. C. Howells,* R. E. Morey* and H. F. Bishop; 


ABSTRACT 

A new hot-strength test has been used on molding and 
core sands. This test differs from the conventional iso- 
thermal test in that it reproduces in a compression test 
specimen the thermal gradients that surround a solid- 
ifying casting. A compressive strength vs. temperature 
curve obtained by this gradient heating method was 
relatively smooth and showed a continuous decrease in- 
stead of the sharp peaks and valleys characteristic of a 
curve obtained by the conventional test. Various mold- 
ing sand and core sand mixtures were tested under con- 
ditions which represent mold interface regions for cast- 
ings that solidify in the vicinity of 2000 F to 2400 F. 

It was found, however, that the hot strength and 
the modulus of elasticity do not predict the hot tearing 
susceptibility of the steel castings. Instead, a correlation 
exists between the dry density of the sand and bore 
cracking, because low density sands can be compressed 
by the contraction stresses of the solidifying casting. 
Sand containing ammonium nitrate gave particularly 
good results, since the ammonium nitrate prevented a 
high degree of compaction of the green sand, but caused 
it to become flowable and compressible upon exposure 
to heat. 


Introduction 


Conventional hot strength testing of sand mixtures 
consists of holding a 114-in. diameter, 2-in. long spec- 
imen in a dilatometer furnace for periods of 12 to 20 
minutes, after which the specimen is broken in com- 
pression. By means of this test the strength and 
deformation of the sand at any specific temperature 
can be determined. It should be noted that the stand- 
ard hot strength test with essentially isothermal con- 
ditions differs from the practical case of sand sur- 
rounding an actual casting, where the sand is subject 
to very steep temperature gradients because of its 
poor thermal conductivity. 

For example, temperature measurements made in 
a sand mold containing a solidifying cast steel bar 
with dimensions of 7 by 7 by 20 in. have shown that 
the sand at the mold-metal interface stays at tempera- 
tures near the solidus during the entire solidification 
interval of approximately 50 minutes.! So steep are 
the gradients developed in the sand, that 50 minutes 


*Metal Processing Branch, Metallurgy Division, Naval Re- 
search Laboratory, Washington, D.C. 
+Exomet Corporation, Conneaut, Ohio. 
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after pouring, the sand at the interface is at a tem- 
perature of 2700 F, but the sand 3 in. from the inter- 
face is at a temperature of only 300 F. 

Over this range of temperatures conventional hot 
strength tests show that a molding sand develops 
strengths varying from a few pounds to several hun- 
dred pounds per square inch. Thus, the properties 
of the relatively thin shell of heat-affected sand sur- 
rounding a solidifying casting are actually an integra- 
tion of the widely different properties possessed by 
the sand over a wide temperature range and cannot 
be deduced directly from conventional hot strength 
tests. 

A closer approach to the actual case may be ob- 
tained by testing sand specimens under thermal con- 
ditions which simulate those of sand surrounding a 
solidifying casting. The purpose of this study was to 
determine sand properties under these conditions and 
to conduct exploratory studies for possible relation- 
ships to hot tearing. 


Methods 


Equipment used to conduct the gradient tempera- 
ture tests is shown in Fig. 1. A conventional sand 
dilatometer was modified to contain a 2-in. long, 
11f-in. diameter cobalt pedestal which could be held 
at any desired temperature by means of induction 
heating. The cobalt pedestal was centered within the 





Fig. 1 — Modified sand dilatometer with induction-heated co- 
balt pedestal for testing sand specimens under conditions of 
gradient heating. 


57-29 








N. C. Howe ts, R. E. Morey, H. F. BisHop 


induction coil shown, and the space between the 
pedestal and the coil was packed with asbestos fiber 
in order to minimize heat losses. After the pedestal 
reached the desired temperature, a conventional sand 
compression test specimen was placed upon it and, 
after the desired time, was broken by hydraulically 
raising the dilatometer table so that the specimen 
was forced against the horizontal bar above it. 

Since the present study was concerned primarily 
with sand conditions for the case of steel, the ma- 
jority of the tests were conducted with the cobalt 
pedestal held at 2400 F so that the thermal conditions 
at the interface of the cobalt pedestal and the sand 
test specimen would approach those of the mold-metal 
interface of an actual steel casting.1 Tests were also 
conducted with a pedestal temperature of 2000F as 
an approximation for the case of lower freezing al- 
loys such as copper-base alloys and irons. 

Subjecting the specimen to gradient heating for 
various time intervals before testing simulates the 
mold conditions at comparable times after pouring 
the casting. The mold properties are of practical in- 
terest only during the solidification interval of the 
casting, since it is during this period that casting 
defects form. Thus, for a l-in. plate section of steel, 
which solidifies in approximately 4 minutes, the prop- 
erties developed after this time are not important. A 
2-in. plate section, however, requires approximately 
14 minutes to solidify, and the properties of the sand 
under gradient heating conditions up to this time 
may have a bearing on the quality of the casting. 

All sand specimens were tested in a dried condi- 
tion. The oil-bonded core mixtures were baked ac- 








STRENGTH = A-B 
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MODULUS = i a 


STRESS 








STRAIN ———> 


Fig. 2 — Typical stress-strain curve for sand specimens tested 
under conditions of gradient heating. 


403 

















T T T T 
COMPOSITION 
3.0% WESTERN BENTONITE 
1.5% DEXTRINE 
0.5% CORN FLOUR 
WATER 
FOR ISOTHERMAL TEST: 3.0% 
\ FOR GRADIENT TEST: 4.0% 
\ GRADIENT HEATING ISOTHERMAL HEATING 
Ls (SIMPLIFIED CURVE) 
2 
= 
S 
i 
_t ! | | 1 
0 500 1000 1500 2000 2500 3000 


TEMPERATURE (°F) 


Fig. 3— Hot strength vs. temperature curves from the con- 

ventional isothermal test and the gradient heating test. Heating 

times were 12 min. for the conventional test and 5 min. for 
the gradient heating test. 
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Fig. 4— Modulus of elasticity and compressive strength of 


a base sand rammed to various hardness levels when tested 
under conditions of gradient heating. 
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cording to standard conditions prior to testing; the 
molding sand specimens were oven dried at 220F, 
with the exception of the sand containing ammonium 
nitrate, which was vacuum dried to avoid possible de- 
composition of the ammonium nitrate. All tests were 
conducted in duplicate. 

Power for heating the cobalt pedestal was supplied 
by a spark-gap converter. Two potentiometers at- 
tached to Pt:Pt-Rh thermocouples were incorporated 
into the system, one for controlling the power input 
from the converter to the coil, the other for measuring 
the temperature of the cobalt pedestal. The latter 
couple was welded to the base of a 14-in. diameter 
hole drilled along the centerline of the cobalt pedestal 
from the bottom to within 14-in, of the top surface, 
upon which the sand specimen rested. The tempera- 
ture-control couple was welded to the outside of the 
pedestal. The control potentiometer and converter 
adjustments were set so that the desired temperature 
was maintained with + 5°F. Stress-strain curves, such 
as shown in Fig. 2, were traced on a microformer 
recorder. 


Results Obtained 


The compressive strength vs temperature curve 
obtained by the gradient heating method is markedly 
different from that obtained by the conventional 
method.?.3 Figure 3 shows a comparison of the 
strength-temperature relationships for the two cases. 
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Fig. 5 — Eftect of clay content of a molding sand on modulus 

of elasticity and compressive strength when tested under con- 

ditions of gradient heating. All sand specimens were rammed 
to a dry density of 81 Ib/cu ft. 
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Fig. 6 — Effect of 10% silica flour addition to a base sand 
on modulus of elasticity and compressive strength when tested 
under conditions of gradient heating. 


The temperature axis of the figure refers to the rela- 
tively uniform temperature of the specimen in the 
conventional test and to the pedestal temperature in 
the modified or gradient heating test. Exposure times 
were 12 minutes for the conventional test and 5 min- 
utes for the modified test. 

Under conditions of gradient heating the curve is 
relatively smooth and does not show the sharp peaks 
and valleys characteristic of the curve obtained by the 
conventional test. The hot strength curve obtained by 
the conventional test increases to a maximum between 
1000 F and 2000F and then sharply decreases to a 
low level. The hot strength curve obtained by the 
gradient heating test has no maximum in that tem- 
perature range; the strength decreases slowly between 
1000 F and 2000F, and then more rapidly above 
2000 F. A similar hot strength curve with no maxi- 
mum was obtained by Parkes and Godding+ who 
heated sand specimens at a rapid rate (2 minutes) . 

The compressive strength and the modulus of elas- 
ticity of the molding sand that was used as a base 
mix in this investigation are shown in Fig. 4 for in- 
terface temperatures of 2000 F and 2400 F. Properties 








N. C. Howe tts, R. E. Morey, H. F. BisHop 









2000° F TESTS 2400° F TESTS 


2% PERLITE 


BASE SAND a 


2 % PERLITE 





MODULUS OF ELASTICITY 
T 

a 

> 

\ 


~ 
j 











2000} 
1000}- 
n 1 l 1 | l 
~ 
100 
a 2% PERLITE ; 
er 2% PERLITE 
10 BASE SAND 


BASE SAND 








COMPRESSIVE STRENGTH (PSI) 


- COMPOSITION 
BASE SAND PERLITE SAND 
30% WESTERN BENTONITE 3.0% WESTERN BENTONITE 
0 1.5% DEXTRINE 1.5% DEXTRINE 
0.5% CORN FLOUR 0.5% CORN FLOUR 
36% WATER 20% PERLITE 
46% WATER 








he wail L | | 1 1 
0 s) 10 15 5 20 





=> 


20 0 s) 
HEATING TIME (MINUTES) 


Fig. 7— Ettect of 2% perlite addition to a base sand on 
modulus of elasticity and compressive strength tested under 
conditions of gradient heating. 


for sand specimens rammed to three levels of hard- 
ness, (hence, density) are given. The properties in- 
creased with hardness, exhibiting a twofold differ- 
ence (except for the modulus of elasticity at 2000 F) 
between the softest (51 hardness) and the hardest 
(73 hardness) at comparable conditions of exposure 
time. The sands reached an essentially equilibrum 
strength after an exposed time of 5 minutes, which 
was characteristic of most sands tested in this fashion. 

Figures 5 through 12 show properties of sand con- 
taining various binder additions when tested under 
gradient heating conditions. In all cases the interface 
temperature was held constant during the exposure 
time indicated. Increasing the amount of clay with- 
out significantly changing sand density (Fig. 5) had 
essentially the same effect as did increasing the den- 
sity or hardness of a particular sand (Fig. 4). It may 
be noted from Fig. 5 that increasing the western 
bentonite from 2 per cent to 3 per cent and the 
water from 2.7 per cent to 4.2 per cent approximately 
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doubled the strength and the modulus at any given 
heating time. In general, the strength and the modu- 
lus curves for the 2000 F tests paralleled at slightly 
higher values the curves for the 2400 F tests. 

The addition of 10 per cent silica flour to the base 
molding sand (Fig. 6) caused a marked increase in 
compressive strength and modulus of elasticity as 
might be expected. Perlite, a lightweight expanded 
mineral, also caused a moderate increase in strength 
and modulus (Fig. 7). The perlite was added by hand 
mixing and riddling after the sand was first mulled 
with clay, cereal binders, and water. The hand mixing 
procedure prevented crushing of the perlite particles. 

The collapsibility of the oil-bonded core sands was 
evident in the gradient heating test, Figs. 8 to 10, 
just as it is in the conventional tests. It may be noted 
that the collapsing did not occur until after an ex- 
posure time of 5 minutes and was not as extreme as 
indicated by conventional hot testing methods. After 
resting on the 2400 F cobalt pedestal for 20 minutes 
the cores still had compressive strengths of approxi- 
mately 20 psi. Increasing the oil content from 1 per 
cent to 2 per cent (Fig. 8) caused a slight improve- 
ment in strength at short time intervals but impaired 
the strength after heating times greater than 7 min- 
utes. 

The addition of 0.5 per cent bentonite to the 2 per 
cent oil-bonded sand (Fig. 9) markedly raised the 
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Fig. 8 — Comparison of modulus of elasticity and compressive 
strength of a base sand, a 1% oil-bonded sand, and a 2% oil- 
bonded sand when tested under conditions of gradient heating. 
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strength and modulus of the sand for all heating 
times used. The sand increased in strength during 
approximately the first 5 minutes of exposure; no 
abrupt collapsing occurred thereafter, although there 
was a decline in strength as the heating period was 
prolonged. The addition of 6 per cent perlite to the 
1 per cent oil-sand mix (Fig. 10) decreased the modu- 
lus of elasticity during the first 10 minutes of heating, 
causing the modulus to be nearly the same over the 
entire range of heating periods used (20 minutes) . 
The perlite addition increased the strength however, 
in a manner similar to that of a 0.5 per cent bentonite 
addition, but the increase was of lower magnitude. 
The core mixture bonded with 2 per cent of natural 
rosin (Fig. 11) remained weak for all of the heating 
times; the compressive strength never exceeded 10 psi. 
An attempt (described in the next section) to cor- 
relate hot tearing tendencies with sand properties un- 
der conditions of gradient heating suggested the use 
of an ammonium nitrate sand additive. Pure am- 
monium nitrate liquifies at about 340 F and decom- 
poses at 410 F into oxygen, nitrogen, and water vapor. 
Liquid ammonium nitrate acts as a flux to the flour 
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Fig. 9 — Effect of a 0.5% western bentonite addition on 
modulus of elasticity and compressive strength of a 2% oil- 
bonded sand when tested under conditions of gradient heating. 
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Fig. 10 — Eftect of a 6% perlite addition on modulus of 
elasticity and compressive strength of a 1% oil-bonded sand 
when tested under conditions of gradient heating. 


and dextrin binders; thus when the sand containing 
this additive is heated above 340F, it is weakened 
both as a result of liquification of ammonium nitrate 
and by partial reduction of the efficacy of the organic 
binders. When the mold temperature rises above 
410 F, the ammonium nitrate volatilizes and sand 
strength is regained to some degree. Under conditions 
of gradient heating, the weakened zone, bounded by 
temperatures of 340 F and 410 F, moves away from 
the interface with prolonged heating times. 

Figure 12 shows that although the strength and the 
modulus curves of the sand containing ammonium 
nitrate were lower than those of a comparable mix- 
ture without ammonium nitrate, they were higher 
than those of the sand made with the rosin binder 
(Fig. 11). The sands that contained either the rosin 
binder or the ammonium nitrate additive exhibited a 
high degree of plasticity in the compression test. The 
specimens bulged extensively rather than breaking in 
a brittle manner as did all of the other specimens 
tested. 


Correlation With Hot Tearing Susceptibility 


An attempt was made to correlate high-temperature 
sand properties as determined by the gradient heating 
method and hot tearing susceptibility. Several castings 
of a high-pressure fitting (Fig. 13) were made, using 
as core materials the sand mixtures previously tested 
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Fig. 11 — Modulus of elasticity and compressive strength of 
oil and of rosin sand mixtures when tested under conditions 
of gradient heating. 
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Fig. 12 — Effect of a 1% ammonium nitrate addition to a 
base sand on modulus of elasticity and compressive strength 
when tested under conditions of gradient heating. 
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Fig. 13 — High-pressure fitting used as a test for hot tearing tendency. 


under conditions of gradient heating. This fitting was 
used as a test casting because it had been found to 
be highly susceptible to bore cracking beneath the 
flanges. 

The castings were fed with risers located on top of 
each flange; the metal entered the mold cavity 
through ingates at the parting line of each flange. 
Temperature measurements indicated that the near- 


interface region of the fitting at locations where hot 
tearing occurred fell below the solidus temperature at 
approximately 6 minutes after pouring; therefore the 
hot tears form at about this time.5 Thus, the result- 
ant sand properties at the critical hot-tearing stage 
are those indicated at a time of 6 minutes in Figs. 
4 to 12. 

It was observed that castings made with cores of 
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Fig. 14 — Halt-views of some representative fittings. The cast- 

ings were sawed in half lengthwise and examined with magnetic 

powder for bore cracks. The molding sand mixtures used were 

as follows: A, Soft-rammed; B, Intermediate-rammed; F, 
Natural rosin-bonded 


high density molding sand and with silica flour sand, 
both of which showed high strengths and moduli in 
the gradient tests, developed severe bore cracks. No 
bore cracks were observed in castings containing cores 
made with either the low-density molding sand or 
with sand containing the ammonium nitrate addition, 
both of which showed low strengths and moduli in 
the gradient tests at the 6-minute time. 


On the other hand, cores made with oil-bonded 
sands, which were relatively weak after 6 minutes, 
and with rosin-bonded sand, which had the lowest 
strength and modulus of all the mixtures tested, de- 
veloped bore cracks. Typical segments of the fitting 
castings made with the various cores are shown in 
Fig. 14. On the basis of those tests, susceptibility to 
bore cracking cannot be predicted from the hot 
strength of the core sand alone. 


A general correlation of hot tearing severity with 
the dry density of the core was found to exist (Fig. 
15). This observation supports the results obtained 
by Wyman.® It appears that if hot tears are to be 
eliminated, it is of primary importance that the mold- 
ing sand be compressed under the contraction stresses 
of the solidifying casting. The rosin-bonded sand, 
while it has a low strength and modulus, has high 
flowability and is easily rammed into a dense core. 
As a result its degree of compaction cannot be signifi- 
cantly increased during the hot-tearing interval; cast- 
ing contraction is thus restrained to cause hot tears. 
The green sand containing the solid ammonium ni- 
trate additive had a low flowability. 


When the ammonium nitrate liquified upon ex- 
posure to heat it caused the sand to become mushy 
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and flowable. Thus, under actual molding and castin; 
conditions, the mushy layer of sand in the mola 
could be compacted to permit the relief of casting 
strains which would otherwise lead to hot tearing. On 
the basis of these tests, the degree of compaction, 
measured as dry density, appeared to be a prime 
factor for hot tearing susceptibility rather than any 
particular level of high-temperature strength. 
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Fig. 15— Correlation between hot tearing of the casting and 
dry density of the sand used for the core of the casting. 
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SOME OBSERVATIONS ON GALVANIZING EMBRITTLEMENT 
OF MALLEABLE IRON 


By 


R. W. Sandelin* 


Embrittlement of certain malleable iron castings is 
a matter of great concern to not only the ultimate 
user of such castings, but also to the producer and 
galvanizer. This form of embrittlement manifests it- 
self by failing readily under impact, revealing a white 
instead of the normal dark, silky type of fractured 
surface. Normal, hot-dip galvanized malleable iron 
fittings in the smaller sizes, can be hammered flat on 
themselves without cracking; larger size castings un- 
dergo a great amount of deformation before any sign 
of failure occurs. 

It will be shown that the fundamental cause and 
controlling factor of galvanizing embrittlement is to 
be found in the chemical composition of the malle- 
able iron. High phosphorus content in a high silicon 
base iron will make it susceptible to galvanizing em- 
brittlement, whereas high phosphorus content in a 
low silicon iron has no detrimental effect. Further- 
more, it will be shown that neither the pickling opera- 
tion nor the galvanizing operation, as such, is pri- 
marily responsible for this type of defect, but that 
the embrittlement is caused by bringing the cast- 
ings up to the galvanizing temperature, not necessarily 
in a molten bath, followed by a water quench. 


Review of the Literature 

Published literature by earlier investigators in this 
particular field is covered quite well by R. W. Bean! 
and L. H. Marshall.2 These investigators reported on 
the ill effects of high phosphorus content and vari- 
ous other important factors regarding the effects of 
heat treatment on embrittlement. Later work by 
C. H. Lorig and R. H. Adams? indicated the copper 
in malleable iron will tend to modify and suppress the 
tendency toward embrittlement even in the presence 
of fairly high phosphorus and silicon content. 

Molybdenum in small amounts (0.10 to 0.20 per 
cent) inhibits galvanizing embrittlement but has the 
added effect of increasing the annealing time.*-5 
G. N. J. Gilbert has shown that galvanizing em- 
brittlement is similar in many respects to temper 
brittleness found in hardened and tempered steels.® 
Work reported in the present paper very largely sub- 


*Chief Metallurgist, Connors Steel Division, H. K. Porter Co., 
Inc., Birmingham, Ala. 
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stantiates the previous papers mentioned above. In 
the present paper, however, the malleable iron re- 
ported on is melted by a somewhat unique duplex 
process consisting of the cupola and air-furnace in 
which no pig iron is employed. 


Experimental Materials 

The malleable melting practice consists of using 
the foundry returns (scrap, gates, sprues, etc.) and 
steel (rails, angle bars of plate) in a 50/50 ratio 
with suitable additions of silicon and manganese bri- 
quets to obtain the desired analysis. The number of 
silicon briquets for each 3000-lb charge varies, but 
ranges from 16 to 25. With this practice, the phos- 
phorus content ranges from 0.050 to 0.080 per cent, 
depending on the phosphorus content of the steel 
scrap. Occasionally, the scrap contains old bessemer 
process rails with phosphorus content as high as 0.120 
per cent, in which case it is used sparingly. The sili- 
con content of the malleable iron is normally held to 
a maximum of 1.300 per cent. Ordinarily, a fairly 
high silicon-base iron is preferred, since it shortens 
the annealing cycle and tends to eliminate the proba- 
bility of getting so-called “pearlitic rims,” the latter 
condition making machining much more difficult. 

Since the major portion of malleable fitting pro- 
duction at the author’s plant is hot-dip galvanized, 
it was of extreme importance to have determined the 
safe operating limits of chemical composition to avoid 
galvanizing embrittlement. Accordingly, a series of 
five base compositions were prepared in which the 
silicon and phosphorus contents were varied over a 
wide range. In order to eliminate the variables which 
might arise from using individual melts, test bar cast- 
ings for each series were cast from metal poured from 
a single large ladle to which only phosphorus and sili- 
con additions were made. As an illustration, the 
first mold of test bars would be poured from the 
ladle after which ladle additions would be made be- 
fore pouring subsequent molds. This procedure was 
used for each of the five series of test bars, each series 
having a different silicon base level. All of the test 
bars were annealed together to one furnace; also, 
they were all cleaned together in a shot-blast machine 
prior to any of the experimental work. The test 





























410 EMBRITTLEMENT OF MALLEABLE IRON 
TABLE | — ANALYSIS OF EXPERIMENTAL TEST Bars 
Series Base Composition, % Test Bar No. and Si and P Content, % 
TC Si P Ss Mn Cu 
2.65 1.42 0.054 0.115 0.57 0.13 7 8 9 10 
A % Si 1.42 1.42 1.42 1.42 
7 P 0.054 0.146 0.195 0.346 
2.90 1.26 0.055 0.105 0.50 0.10 11 12 13 14 
B % Si 1.26 1.26 1.26 1.26 
7 ?P 0.055 0.093 0.120 0.294 
2.68 1.00 0.077 0.127 0.43 0.11 15 16 17 18 
Cc % Si 1.00 1.00 1.00 1.00 
% P 0.077 0.092 0.127 0.249 
2.72 0.90 0.045 0.133 0.41 0.090 19 20 21 22 
D % Si 0.90 0.90 0.90 0.90 
%P 0.045 0.064 0.088 0.125 
2.68 0.79 0.058 0.120 0.40 0.092 23 24 25 26 
E % Si 0.79 0.79 0.79 0.79 
% P 0.058 0.077 0.085 0.211 





bars were 7% in. x 7% in. x 4 in. with a notch in the 
middle of one face to facilitate breaking. These test 
bars were cast ten in the mold. 

The various series of test bars are shown in Table 
1. In each case the base composition is given together 
with the variation in phosphorus for each bar, the 
silicon content remaining constant for any particular 
series. Each of the five series was comprised of four 
different analyses for a total of 20 different composi- 
tions. 

Experimental Methods 

Test bars from each of the 20 compositions men- 
tioned above were given the various treatments, gal- 
vanizing and otherwise, shown in Table 2. After such 
treatment the investigation was continued along the 
following lines: 

I. Appearance of fractured test bars 
(a) After annealing (malleablizing) only 
(b) After the various treatments shown 
in Table 6. 
Determination of mechanical properties 
(a) Rockwell K and Brinell (converted) 
hardness 

(b) V-Notch Charpy impact values 
Metallographic investigation of micro- 
structures. 


II. 


Ill. 


Appearance of Fractured Test Bars 

After annealing (malleablizing) , the test bars were 
fractured. Under normal conditions, all such test 
bars should reveal a dark, silky, ductile type of 
fracture. However, certain exceptions were noted, 
namely, test bars Nos. 9 and 10, Series A, Table 1, and 
test bar No. 14, Series B. These latter test bars had 
white or partially white fractures which indicated 
embrittlement after a normal annealing cycle which 
was due to composition alone, namely, excessively 
high phosphorus and silicon contents. Test bars Nos. 
9 and 10 had 0.195 and 0.346 per cent phophorus 
with 1.42 per cent silicon, while test bar No. 14, 
which showed a less brittle fracture, had 0.294 per 
cent phosphorus with 1.26 per cent silicon. 

After subjecting the test bars to the various treat- 
ments referred to in Table 2, the embrittling effect 


of heating to the galvanizing temperature followed 
by quenching is very evident. By comparison of the 
various fractures and evaluation of impact test data it 
was further evident that neither pickling nor the 
actual immersion in molten zinc were primary factors 
in causing embrittlement, since this phenomenon was 
obtained by merely heating the test bars in a furnace 
to temperatures ranging from 800F to 900F. The 
range of temperature causing embrittlement of sus- 
ceptible types of malleable iron extends well beyond 
the realm of ordinary galvanizing temperatures, rang- 
ing from 700 F to 1000 F.2 

Embrittling effect of unbalanced composition may 
be largely eliminated by heating the material to 1200 
F, followed by water quenching.? Effect of this so- 
called “pretreatment” is clearly shown by examina- 
tion of the fractures and by comparison of impact 
data. 

Figures 1 through 22 illustrate the effect of the 
various treatments upon all of the test bars in Series 
A, B, C, D. Series E was not included since, like Series 
D, no galvanizing embrittlement was obtained, hence, 
there was no need for illustration. 

It becomes evident then that the simultaneous 
combination of high phosphorus and silicon contents 
in malleable iron to be galvanized is undesirable un- 
less given the so-called pretreatment consisting of 
heating to 1200 F, followed by water quenching. For 
obvious reasons of extra cost this is generally not de- 
sirable. It is possible to eliminate embrittlement, after 
galvanizing, by heating to 1200 F, followed by water 


TABLE 2 — DESCRIPTION OF TREATMENT OF TEsT BARS 





Designation Remarks 





Annealed only (regular malleable annealing cycle) 

Pickled, fluxed, galvanized at 850 F, quenched 

Fluxed only, galvanized at 850 F, quenched 

Heat in furnace to 850 F, quench in water 

Pretreated;* pickled, fluxed, galvanized at 850 F, 
quenched 

Pretreated;* fluxed only, galvanized at 850F, 
quenched 

Pretreated;* heat in furnace to 850 F, quenched in 
water 
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*Heat to 1200 F, quench in water 
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Fig. 1 (Lett) — Appearance of fractured test 
bars of Series A. Top row, annealed only; 
Bottom row, pickled, fluxed, galvanized at 
850 F. Embrittlement due to galvanizing opeta- 
tion. Note embrittlement of two top right test 
bars due to composition only. In this and all 
cases following the test bars were quenched in 
water after galvanizing (except where other- 
wise stated). See Table 2. Reduced '¥2 in 
printing. 


Fig. 2 (Right) — Appearance of fractured test 
bars of Series A. Top row, annealed only; 
Bottom row, heated to 1200F, quenched, 
pickled, tluxed and galvanized at 850 F. Elim- 
ination of galvanizing embrittlement by heat- 
ing to 1200F followed by water quenching 
prior to galvanizing. Reduced 1/2 in printing. 


Fig. 3 (Left) — Appearance of fractured test 
bars of Series A. Top row, annealed only; 
Bottom row, fluxed only, galvanized at 850 F. 
Embrittlement due to galvanizing operation 
where no pickling occurred. Pickling is, there- 
fore, of no consequence in this type of em- 
brittlement phenomenon. Reduced 2. 


Fig. 4 (Right) — Appearance of fractured test 

bars of Series A. Top row, annealed only; 

Bottom row, heated to 1200F, quenched, 

fluxed only, and galvanized at 850 F. Elimina- 

tion of embrittlement by pretreatment. Re- 
duced 2. j 


Fig. 5 (Lett) — Appearance of fractured test 
bars of Series A. Top row, annealed only; 
Bottom row, heated to 850 F and held 1 hr in 
furnace. Embrittlement due to heating to 
galvanizing temperature, followed by water 
quenching. Here the test bars had no contact 
with pickling acids, fluxes or molten zinc. 
Reduced 12 in printing. 


Fig. 6 (Right) — Appearance of fractured test 
bars of Series A. Top row, annealed only; 
Bottom row, heated to 1200 F, quenched, re- 
heated in furnace at 850 F. Illustration of what 
appears to be partial elimination of embrittle- 
ment; bar having 0.146% P. Impact test data 
indicate, however, complete recovery of original 
ductility. This was the only exception to the 
general rule that the white fracture indicated 
embrittlement. still present to the extent of 
indicating very low ductility. Reduced ¥2 in 
printing. 


Fig. 7 (Lett)— Appearance of fractured test 

bars of Series A. Top row, annealed only; Bot- 

tom row, heated to 800 F and held 1 hr in 

furnace. Embrittlement by heating to 800 F in 

furnace followed by water quench. Reduced 
4 in printing. 


Fig. 8 (Right) — Appearance of fractured test 


bars of Series A. Top row, annealed only; Bot- = 


tom row, heated to 900F and held 1 hr in 

furnace. Embrittlement by heating to 900 F in 

furnace followed by water quench. It is obvious 

that embrittlement cannot be eliminated by 

manipulation of galvanizing temperature. Re- 
duced 142 in printing. 
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Fig. 9 (Lett)— Appearance of fractured test 
bars of Series B. Top row, annealed only; 
Bottom row, pickled, fluxed, galvanized at 
850 F. Embrittlement due to galvanizing; also 
note embrittlement in annealed bar having 
highest P content. Reduced '2 in printing. 


Fig. 10 (Right) — Appearance of fractured test 

bars of Series B. Top row, annealed only; 

Bottom row, heated to 1200F, quenched, 

pickled, fluxed, galvanized at 850 F. Elimina- 

tion of embrittlement by pretreatment. Re- 
duced 2 in printing. 





SERIES B ) “SERIES 8 
ic 2 FO me SD Fig. 11 (Lett) —A ss. 2. s $_ 
—.¥.. - = , — Appearance of fractured test ; 
Base Comr 290 126 055 5O 105 bars of Series B. Top row, annealed only; Base Comp. 90 126 055 405 
r 7 ere Bottom row, fluxed only, galvanized at 850 F. 


Embrittlement in galvanizing where no pick- 
ling operation was used. Reduced 12 in print- 
ing. 

Fig. 12 (Right) — Appearance of fractured test 
bars of Series B. Top row, annealed only; 
Bottom row, heated to 1200 F, quenched, fluxed 
only, galvanized at 850 F. Elimination of em- 
brittlement by pretreatment. Reduced 1/2 in 
printing. 
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Fig. 13 (Left) — Appearance of fractured test Ic Si. Pe «6S. 


bars of Series B. Top row, annealed only; Base Cour 290 126 055 50 105 

Bottom row, heated to 850 F, held in furnance , ere 

1 hr. Embrittlement caused by heating to 

Galvanizing temperature followed by water 
quenching. Reduced 12 in printing. 
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Fig. 14 (Right) — Appearance of fractured test 

bars of Series B. Top row, annealed only; Bot- 

tom row, heated to 1200 F, quenched, heated 

in furnace at 850 F. Almost complete elimin- 

nation of embrittlement by pretreatment. Re- 
duced 1 in printing. 








SERIES C 


Fig. 15 (Lett) — Appearance of fractured test Breet _ wm S$. 
bars of Series C. Top row, annealed only; Bot- Base Come 268 100 O77 43 127 
tom row, pickled, tluxed, galvanized at 850 F. : 
Embrittlement occurred only in bar having 
highest P content. White rim on bar having 
0.127% P is a “pearlitic rim” and is not due 
to embrittlement. Reduced 2 in printing. 
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Fig. 16 (Right)—Appearance of fractured test 

bars of Series C. Top row, annealed only; Bot- 

tom row, heated to 1200 F, quenched, pickled, 

fluxed, galvanized at 850F. Elimination of 

embrittlement due to pretreatment. Reduced 
14 in printing 
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SERIES a | 
bk ay a | 
Te Si CR Mm «S$ 8 §= Fig. 17 (Lett) — Appearance of fractured test 7% ard a * & 
Base Comm 268 100 O77 43 I27 bars of Series C. Top row, annealed only; Bot- Bast Cour 268 |. d 


tom row, fluxed only and galvanized at 850 F. 
Embrittlement caused by galvanizing without 
previous pickling. Reduced 2 in printing. 






Fig. 18 (Right) —- Appearance of fractured test 

bars of Series C. Top row, annealed only; Bot- 

tom row, heated to 1200 F, quenched, fluxed 

only, galvanized at 850 F. Elimination of em- 

brittlement by pretreatment. Reduced ‘2 in 
printing. 
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OT? 092 127 249 
ene SERIES C 

; 1c Si Bm $ 

Je. Se oe ae Base Come 268 100 O77 43 127 


jase Come 268°100 O77 43 127 Fig. 19 (Lett) — Appearance of fractured test 
bars of Series C. Top row, annealed only; Bot- 
tom row, heated to 850F and held 1 hr in 
furnace. Embrittlement caused by heating to 


galvanizing temperature. Reduced 42 in printing. 
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Fig. 20 (Right) — Appearance of fractured test 
bars of Series C. Top row, annealed only; Bot- 
tom row, heated to 1200 F, quenched, reheated 
in furnace at 850 F. Elimination of embrittle- 
ment by pretreatment. Reduced 2 in’ printing. 











xP OTF 6S 127 249 “P0077: s82 127 249 
s 
ein at Fig. 21 (Left) — Appearance of fractured test 
TT Si Powe S$ bars of Series D. Top row, annealed only; Bot- 
Base Come 272 90 045 41 133 tom row, pickled, tluxed, galvanized at 850 F. 


No embrittlement occurred with the B, C, or 

D treatments (Table 2). No embrittlement oc- 

curred with any of the Series E samples either. 

Malleable iron with low silicon content is not 

generally susceptible to embrittlement. Re- 
duced 1 in printing. 





Fig. 22 (Right) — Appearance of fractured test 
bars of Series D. Top row, annealed only; Bot- 
tom row, heated to 1200 F, quenched, pickled, 
fluxed, galvanized at 850 F. No embrittlement 
present before pretreatment, hence no change 
in fracture appearance. Reduced 4 in printing. 














*%P 045 064 088 125 
Fig. 23 (Lett)— Appearance of frac- st r 137 150 1.90 60 
tured test bars of Series A. Top row, %P 050 054 082 121 
SERIES A pickled, fluxed, galvanized at 850 F and pe rd 
quenched. Bottom row, slow cooled 
TC vr] ota “ < after the galvanizing treatment. Em- 


brittlement is almost completely elim- 
inated by cooling slowly from the gal- 
vanizing temperature; the difference is 
very pronounced in test bar No. 8 hav- 
ing 0.146% P. Test bar No. 9 with 
0.195% P was not available for this 
test. The “slow cooled” test bars were 
cooled in powdered lime from the gal- 
vanizing temperature. Slow cooling is 


Base Comp. 265 





Fig. 24 (Above) — Fractured ¥-in. galvanized 
elbows showing embrittlement. Impact was con- 








detrimental to the hot-dip coating, 

hence, not a practical means of elimi- 

nating galvanizing embrittlement. Re- 
duced 1 in printing. 


tinued until cracking occurred. Elbow on ex- 

treme right fractured in several places under 

a single hammer blow. Reduced about '¥/2 in 
printing. 
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TABLE 3 





Treatment With Corresponding Rockwell K and Brinell (Converted) Values 
Specimen A B Cc D E F G 
Rk BHN Rk BHN Rk BHN Rk BHN Rk BHN Rk BHN Rk BHN 























7 72.7 106.5 73.0 107.0 74.7 110.0 73.7 108.0 78.8 119.0 80.8 123.0 76.2 114.0 
8 77.7 116.0 77.2 115.0 77.8 116.0 75.0 111.0 79.2 119.0 78.0 117.0° 79.2 119.0 
9 80.0 121.0 81.2 124.0 82.5 127.0 78.1 117.0 86.0 137.0 83.8 130.0 82.3 127.0 
10 83.3 130.0 86.8 139.0 85.3 135.6 83.3 130.0 85.5 136.0 88.5 140.0 87.5 140.0 
TABLE 4 
Treatment With Corresponding Charpy V-Notch Impact Value 
Specimen Series A B Cc D E F G 
7 I 10.0 8.5 (—1.5) 8.5 (—1.5) 7.0 (—3.0) 9.0 (+0.5) 9.0 (+0.5) 9.5 (+2.5) 
8 I 7.0 3.5 (—3.5) 3.5 (—3.5) 3.0 (—4.0) 7.5 (+4.0) 8.5 (+5.0) 6.0 (+3.0) 
9 I 4.0 1.5 (—25) 45 (—25) 2.0 (—2.0) 4.5 (+3.0) 4.0 (+2.5) 4.0 (+2.0) 
10 I 2.5 1.0 (—1.5) 1.5 (—1.0) 1.5 (—1.0) 2.0 (+ 1.0) 2.5 (+1.0) 3.0 (+1.5) 
li II 7.5 7.0 (—0.5) 7.0 (0.0) 
12 II 5.5 3.5 (—2.0) 4.5 (+1.0) 
13 II 4.5 2.5 (—2.0) 4.5 (+2.0) 
14 II 2.0 1.0 (—1.0) 2.5 (+1.5) 
15 Ill 75 7.5 (0.0) 7.5 (0.0) 7.5 (0.0) 7.5 (0.0) 
16 Ill 75 6.5 (— 1.0) 6.0 (—1.5) 7.5(+1.0) 6.5 (+0.5) 
17 Ill 6.5 6.5 (0.0) 5.0 (—1.5) 7.5 (+1.0) 6.5 (+1.5) 
18 Ill 6.5 4.5 (—2.0) 5.0 (—1.5) 5.5 (+1.0) 5.5 (+0.5) 
19 IV 8.0 7.5 (—0.5) 7.5 (0.0) 
20 IV 7.0 6.5 (—0.5) 7.5 (+1.0) 
21 IV 6.5 5.0 (—1.5) 6.5 (+1.5) 
22 IV 6.5 6.0 (—0.5) 6.5 (+0.5) 





quenching. This latter method has no commercial 
value since it would destroy the coating. Embrittle- 
ment may also be substantially lessened by a slow 
cool after galvanizing instead of quenching in water; 
or by employing a hot oil quench. Here again, these 
methods are of no commercial value due to damage 
to the coating. 


Effect of Slow Cool 


Figure 23 shows the effect of a slow cool instead 
of quenching in water. Embrittlement is reduced con- 
siderably but not completely; however, the method 
has no practical value since here again the coating 
is obviously ruined. 


Figure 24 illustrates the effect of various silicon- 
phosphorus combinations on the “toughness” of an 
ordinary 14 in. galvanized elbow. The three ells on 
the right were prepared as a series in the manner pre- 
viously described. The 1% in. ell on the left having 
1.37 per cent Si and 0.050 per cent P was from a sepa- 
rate melt. These fittings were tested by impact (am- 
mer blows) until cracking occurred. The relatively 
high ductility of the fitting containing the lowest 
phosphorus (and silicon) content is clearly shown. 
The fitting which had the highest phosphorus (and 
silicon) content had a lack of ductility comparable to 
ordinary gray cast iron. 


Hardness Value Determinations 


Malleable castings having galvanizing embrittle- 
ment have a fracture appearance which rather 
closely resembles an incompletely or partially an- 
nealed iron. In the latter instance, the material is 
considerably harder and less ductile than regular 


malleable iron. Castings showing galvanizing em- 
brittled fractures are, however, quite soft as shown 
in Table 3. Rockwell K hardness values, converted 
to Brinell, are shown for Series A only; the hardness 
values for other test bars were all within this range. 


Hardness data indicate a slight increase in values 
after pretreatment (heat to 1200 F, quench in water); 
this can be observed by comparing values under B, 
C and D with E, F and G. However, no appreciable 
difference in hardness between embrittled and non- 
embrittled samples was noted. This can be observed 
by comparison of values under B, C and D with A. 


Microhardness testing was carried out to deter- 
mine Knoop indentation values on individual fer- 
rite grains in normal iron, iron susceptible to gal- 
vanizing embrittlement and embrittled iron. The 
original objective of the microhardness testing was 
to determine if there was any measurable differences 
in the hardness of the individual ferrite grains in 
the different types of malleable iron mentioned. Re- 
sults of such testing failed to reveal other than nor- 
mal differences due to composition. No grain bound- 
ary effects were detected which might explain the 
embrittlement phenomenon. 


Impact Test Determinations 
Charpy V-notch impact data were obtained and 
summarized in Table 4. It can be observed that loss 
of impact strength is apparent in the case of test 
bars Nos. 8, 9, 10, Series A, Table 1; Nos. 12, 13, 14, 
Series B; No. 18, Series C. There was no loss in im- 
pact strength of any of the test bars in Series C and D. 
These data correlated completely with fracture ap- 
pearance in that the test bars showing a brittle 
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Fig. 25 — Graph shows areas where embrittlement may be ex- 
pected for any given silicon-phosphorus composition. 


fracture also had a low impact strength, namely 3.5 
ft-lb or less. 

The pretreatment, consisting of heating to 1200 F, 
followed by water quenching, was effective in every 
case in restoring and in some cases improving the 
original ductility. These data are shown under the 
treatment headings of E, F and G. 


Charpy Impact Data 
Charpy V-Notch impact data (Table 4) in paren- 
theses for Treatment B, C and D are in direct com- 
parison with Treatment A. Values shown in paren- 
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Fig. 26 (Left) — Typical microstructure of annealed malleable 
iron. Test bar No. 7A, Series A, Table 1, 1.42% Si, 0.054% P. 
This iron was not susceptible to galvanizing embrittlement. 


Fig. 27 (Right) — Microstructure of test bar 8B, Series A, 
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theses for Treatment E, F and G are in comparison 
with Treatment B, C and D respectively. 


It should be mentioned that the low impact values 
for Series A and B test bars Nos. 9, 10, and Nos. 13 
and 14, in the annealed state are due to the presence 
of slight amount of primary graphite. This inter- 
dendritic graphite pattern weakened the structure but 
was in no way responsible for the intergranular frac- 
ture of the ferrite, this being caused by the combined 
presence of high silicon and phosphorus contents. 
The reason for the formation of the slight amount of 
primary graphite in these samples is not entirely clear 
but may be due to a nucleation effect by the ferro- 
phosphorus addition which contained a trace of 
carbon and silicon. This effect was not noticed in the 
other series at comparable phosphorus composition 
levels but with lower silicon content, namely Sample 
No. 18, Series C; No. 22, Series D, and No. 26, Series E. 


Figure 25 is a graphical representation showing 
approximately the areas or zones of chemical com- 
position where galvanizing embrittlement may or may 
not be expected. The chart is not complete but does 
allow for a reasonable interpretation of the silicon- 
phosphorus composition factors. As previously men- 
tioned, copper has considerable influence in extend- 
ing the ductile zone of high silicon-high phosphorus 
irons. However, at the present time, the use of large 
amounts of copper as an alloying element is not 
common. 


Metallographic Investigation 

Metallographic examination of all of the various 
specimens revealed the interesting fact that there is 
no discernible difference in the microstructure of 
malleable irons not susceptible to galvanizing em- 
brittlement and irons which are susceptible or are 
already embrittled. A great number of different types 
of etchants and techniques were employed, yet in no 





Table 1, pickled, tluxed, galvanized. Fracture and impact test 

data revealed this iron to be embrittled. No difference in basic 

structure could be observed in microstructure before galvanis- 

ing. Structure is identical with Fig. 26 which is normal iron 
not susceptible to embrittlement. Mag.-100X. 
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case was any difference revealed between norma! and 
embrittled malleable irons. 

Figures 26 and 27 reveal the microstructures of 
test bars from Series A at 100 diameters magnification. 
Examination of the microstructure of the normal as 
well as the embrittled ferrite matrix at 500 diameters 
magnification failed to reveal any change in structure 
which might explain the loss in ductility of what 
appears to be very ductile material. It can only be 
assumed that under the particular conditions of 
chemical composition and heat-treatment some non- 
ductile orientation of solute atoms is obtained which 
is submicroscopic in character. 


Summary and Conclusions 

1. The galvanizing embrittlement of malleable iron 
is directly related to its chemical composition, 
namely, the phosphorus and silicon content. Increas- 
ing amounts of phosphorus, for a given silicon con- 
tent, will change an iron not susceptible to galvaniz- 
ing embrittlement to one which is highly susceptible 
to embrittlement. Increasing copper content will par- 
tially but not completely offset the ill effects of 
phosphorus. 


2. Immersion in molten zinc, pickling in acid, or 
dipping in neutral flux have no special or unique 
effect insofar as the galvanizing embrittlement of 
malleable iron is concerned. 

3. A pretreatment consisting of heating to 1200 F, 
followed by water quenching, before galvanizing, will 
eliminate the possibility of getting embrittlement. 
Slow cooling after galvanizing (without pretreat- 
ment) will also tend to reduce embrittlement. 


4. The fracture resulting from galvanizing em- 
brittlement is intergranular. Such fracture appear- 
ance is white instead of dark and silky as for normal 
malleable iron. 


5. Impact test data correlate with the fracture ap- 
pearances, hence the latter is a reliable criterion for 
evaluating embrittlement in galvanized malleable 
castings. 

6. Hardness data reveal no change in values for 
normal iron, iron susceptible to embrittlement, and 
embrittled iron. 


7. Metallographic examination reveals no micro- 
structural differences in normal or embriitied iron. 
Whatever structural changes occur that result in em- 
brittlement must be submicroscopic in character. 
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DISCUSSION 


Chairman: E. J. Stockum, Dayton Malieable Iron Co., Dayton 
Ohio. 


P. F. Utmer! (Written Discussion): We are glad to see Mi 
Sandelin make an effort to clear up this problem which has 
existed as long as we have been associated with malleable iron 


The problem is troublesome to us, not so much because of 
the larger number of white fracture castings encountered but be 
cause of the very few heats which apparently produce white 
fracture iron, which necessitates that all the product be speciall 
treated in order to eliminate the effect of these few heats. The 
inconsistency of the problem is portrayed by the fact that, of 
several years supplying castings to a particular customer in which 
the casting was used as a clamp, only two instances can be re- 
called in which we were in trouble because of white fracture 
castings. This would mean that approximately two heats from 
possibly more than a hundred would have been susceptible to 
white fracture. It is our practice to run phosphorus levels in 
the neighborhood of 0.12 to 0.15. The silicon level is 1.00 to 1.20. 
The particular castings in question did not show a phosphorus 
content outside of this range. 


It is our thought in discussing this paper that we would present 
some observations which seemed of interest to us. The first is a 
table of properties of test bars cast from a number of heats, 
part of each being galvanized and part in the as-annealed con- 
dition (Fig. 1). 


We do not believe there is a significant difference in the 
physical properties of these parts, although as might be expected 
some properties are slightly reduced by galvanizing. Phosphorus 
and silicon are in the usual range as stated above. 


Figure 2 shows data obtained on two lots of experimental 
test bars in which enough ferro phosphorus was added to raise 
the phosphorus content to 0.271 and 0.504 was added to the 
iron. We would be inclined to discount the effect of phosphorus 
in producing embrittlement in the as-annealed condition merely 
because of large percentages in view of the properties shown in 
this figure. I believe Mr. Sandelin contends that a difference will 
be found without sensitizing the parts by heating in the range 
of 600 to 800F, which will indicate the susceptibility to white 
fracture. 


Figures 3 and 4, taken from data obtained by our research 
laboratory and from war metallurgy reports? showing tensile 
strength and elongation of material when tested under various 
temperatures. A slight rise in tensile properties is shown, and a 
reduction of elongation in the range of 400 to 600F. It is noted 
that the strength increases in this same range. Because of the 
much greater change in properties, a curve for pearlitic malleable 
made from the same material as Fig. 3 is shown in Fig. 4. 


We present this mainly for the thought that it may incite 
rather than that we feel that we are able to draw a conclusion 
at this time. It is our thought that there is a possibility that a 
third factor, which may be related to the hump in the curve 
shown around 600F, is active other than a silicon and phos- 


1. Link-Belt Company 


2. “Study of properties of malleable castings for use in tanks, combat 
vehicles, and other military applications,” O. W. Simmons, P. C. Rosen- 
thal and C. H. Lorig. Final report N.D.R.C. Research Project NRC-28, 
Battelle Memorial Institute (1943). 


“High and Low Temperature Tests of Malleable Cast Iron,’’ Lyle Jen- 
kins, George W. Washa, Phillip C. Rosenthal. Report to Wagner Malleable 
Iron Company by University of Wisconsin. (Mimeographed, copy undated.) 
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phorus relationship. The malleables in Fig. 3 and 4 are from 
varying heats having reasonably wide silicon and phosporus 
content. 

We believe more extensive work should be done in order to 
more fully study this phenomenon. 


DONALD F. SAWTELLE’ (Written Discussion): The author should 
receive congratulations for a clear explanation of many of the 
factors controlling the susceptibility of malleable iron castings 
to galvanizing embrittlement. 

Many malleable foundries have been plagued by this sus- 
ceptibility to embrittlement as well as the independent galva- 
nizer, who many times, has had to bear the responsibility for 
phenomena certainly not of his own making. 

Prior to the mechanization of malleable foundries, iron was 
melted in batch type air furnaces. Charges were high in mal- 
leable grade pig iron and low in steel with resulting analyses 
of 1.00 per cent silicon and 0.15 per cent phosphorous. This is 
just over the borderline into the zone of galvanizing embrittle- 
ment, according to the author’s graph in Fig. 25. 

After mechanization, which included cupola-air furnace duplex 
melting, with a high percentage of steel in the charges, and little 
or no malleable grade pig iron; the silicon was usually raised to 


3. Sales Engineer, Exomet, Inc., Conneaut, Ohio. 
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1.10 per cent and the phosphorous fell to 0.05 per cent, well 
within the zone in Fig. 25 where embrittlement does not occur. 


Many gray iron foundries no longer carry the high phos- 
phorous contents of 20 or 30 years ago, but use the lower 
phosphorous Bessemer grade. 


It would seem wise with our present knowledge, for batch-type 
melters of malleable iron to use Bessemer-grade pig iron if they 
are interested in the physical properties and safety of their 
castings after hot dip galvanizing. 


V. A. Crospy4 (Written Discussion): The author has related the 
galvanizing embrittlement of malleable iron to its chemical com- 
position and specifically emphasizes the importance of the phos- 
phorus and silicon contents. He has stated that increasing copper 
will partially but not completely offset the ill effects of phos- 
phorus. We wish to point out that additions of 0.10-0.20 per cent 
molybdenum will almost completely suppress the tendency for 
embrittlement. This has been shown previously by Leroyer and 
Laplanche, the latter of whom also reported on the effect of 
copper, stating that an addition of 2 to 3 per cent was necessary 
for the same result. 


Molybdenum is also effective in preventing embrittlement 
owing to slow cooling after annealing as well as during re- 


4. Climax Molybdenum Company, Detroit, Mich. 
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heating and air cooling. Laplanche has shown that this beneficial 
effect is complete with an addition of 0.11 per cent Mo. It is 
true, however, that molybdenum retards the rate of graphitiza- 
tion, but it is also true that holding times for malleabilizing 
are generally somewhat longer than are necessary and the 
presence of 0.10 per cent molybdenum is hardly noticed. 

It appears that the embrittling phenomenon in malleable iron 
is not only temperature dependent but is also dependent on 


EMBRITTLEMENT OF MALLEABLE IRON 


time at temperature in the embrittling range. Mr. Sandeli; 
used a 1 hr time at temperature, but it has been shown b 
G. N. J. Gilbert (AFS Preprint 57-37) that irons which are nct 
embrittled by holding for 1 hr at 842F (450C) can be em- 
brittled by longer times at the same temperature. We do no: 


think the beneficial effects of molybdenum have been sufficiently 


explored to write off its potentialities in galvanizing embrittle- 
ment. 
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EFFECT OF CARBON AND MANGANESE ON 
PROPERTIES OF CONSTRUCTIONAL 
STEELS FOR DYNAMIC LOADING APPLICATIONS 


By 


R. D. Engquist* 


Inception and subsequent growth of the steel cast- 
ing industry was necessitated by the requirements 
for structural members of high strength and superior 
dynamic properties. The railroad, automotive, min- 
ing, maritime and heavy machinery industries all 
have developed component designs which are pro- 
duced most economically by the casting process. At 
the same time, these members are subjected to such 
severe loading conditions that steel has become the 
popular material choice. 

The railroad industry with its complex truck mem- 
bers and rugged service conditions offers an excellent 
opportunity for the study of the effect of dynamic 
loading on cast steel structures. It should be clearly 
understood at the outset, however, that the problems 
involved in railroad service are not unique. They 
are, perhaps, somewhat more dramatic because of 
the speeds involved but are essentially the same as 
those of other industries. Fatigue and shock loading 
are common problems in aircraft, automotive, mari- 
time and mining applications, just as they are in 
railroad service. 

Information published by the A.A.R. shows that 
average train speed has increased by 21.5 per cent 
in the last 20 years, while the average load per car 
has increased by 3314 per cent in the same period. 
The greatest part of this increase in speed has been 
accomplished by raising the top speed of time freights 
in recent years. Some lines now operate at a top 
speed of 65 miles per hour. This increase in loading 
and travel speed has caused an increase in the number 
of service failures of cast Grade “B” steel compo- 
nents, particularly during winter months. 

One railroad that keeps accurate records of its 
service failures has reported a total of 20 cast Grade 
“B” steel truck member failures during the period 
of January 1, 1952 through June 1, 1956. Of these 
20 failures, 10 occurred during the twelve-month 
period since June, 1955 when this railroad increased 
the top speed of its time freight service to 60 miles 
per hour. Other significant facts are apparent upon 
examination of these service failures. 


*Senior Research Metallurgist, Manufacturing Research Labo- 
ratory, American Steel Foundries, East Chicago, Ind. 
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Chemical analyses performed on the broken cast- 
ings revealed rather wide ranges of carbon, manga- 
nese, phosphorus and sulphur. Most of the castings 
contained about 0.30 per cent carbon and 0.55 per 
cent to 0.60 per cent manganese with phosphorus 
and sulphur contents in the range of 0.025 per cent 
to 0.35 per cent. Eighty-five percent of all failures 
occurred during the months of November, December, 
January and February, the coldest months of the 
year. The greatest individual monthly totals occurred 
in November and February. These are months when 
frost is normally entering and leaving the road bed 
of this particular railroad, causing abnormally rough 
riding conditions which subject truck members to 
severe shock loads. 

Shock loading conditions and low temperature serv- 
ice conditions have both been established as _pri- 
mary factors causing the brittle failure of steel. 
Many examples of this type of failure have been 
seen in recent years. Pressure vessels, bridges, air- 
craft members and, most dramatically, ship plates 
have failed unexpectedly due to this mechanism. 

In order to establish some criterion for judgment 
of impact and temperature relationships the records 
of the United States Weather Bureau were consulted 
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Fig. 1—Charpy V-notch impact strength vs temperature, 
Grade “B” ste«'. 
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t 50 
to determine the atmospheric temperature which a at 
prevailed in the vicinity of each of the 20 failures REDUCTION OF AREA % 
previously mentioned. Nineteen of these 20 failures 40 1 
occurred between +-40°F and —11°F. The mean of a 
these 19 failure temperatures was found to be + 16°F. 
Figure | is a graphic representation of the relation- 30 * Pa 
ship between temperature and Charpy impact § P ° ° 
strength of a commercial heat of Grade “B” steel. il ieee - 
We find from Fig. 1 that a Charpy impact strength 20 T T 
of approximately 25 ft-lb is obtained at +16°F. A 020 030 e040 050 060 070 +80 
value of 25 ft-lb may, therefore, be assumed as a | | 5 panel i ari ENT ’ ] 
reasonable criterion for evaluation of our experi- 
Fig. 3 — Relationship between Mn content and mechanical 


mental data. The higher phosphorus, sulphur and 
carbon contents and lower manganese content of 
most commercial heats of Grade “B” steel would 
probably cause this criterion to be somewhat 
conservative. The analysis of the heat sampled for 
the investigation represented by Fig. 1 was much 
lower in phosphorus and sulphur and higher in 
manganese than the 20 castings which failed in serv- 
ice. Low phosphorus and sulphur and high man- 
ganese are definitely conducive to good impact prop- 
erties. 

Figure 2 shows how the relationship between im- 
pact strength and temperature varies with manga- 
nese. Chemical analysis of the heats used in this 
study was approximately 0.26 per cent carbon, 0.49 
per cent silicon, 0.013 per cent phosphorus and 
0.033 per cent sulphur. Variance about these mean 
values was very slight. It is apparent that no signifi- 
cant difference is obtained by varying manganese 
between 0.20 per cent to 0.80 per cent. The low 
temperature end of the higher manganese curves 
indicate that some improvement might be obtained 
by utilization of even higher manganese contents. 
However, another factor became apparent at this 
point in the investigation. 


Figure 3 illustrates the relationship between the 
manganese content and the mechanical properties 
of Grade “B” steel. It is obvious that increasing 
manganese content causes an increase in the static 
strength properties. It was felt that carbon content 
should be reduced in order to keep the strength 
properties consistent with the Grade “B” steel speci- 
fication if further increase in manganese content 


properties. 


would be made in an endeavor to improve the 
impact characteristics. 

Figure 4 is a graphic representation of the im- 
pact characteristics obtained with a steel containing 
0.97 per cent manganese and 0.21 per cent carbon. 
Dropping the carbon content to approximately 0.18 
per cent and increasing the manganese content to 
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Fig. 4— Relationship between temperature and impact 
strength of a Modified Grade “B” steel. 
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Fig. 5— Relationship between temperature and impact 
strength of a Modified Grade “B” steel. 


about 1.20 per cent provided a solution to both the 
problems of static strength properties and impact 
properties, as may be seen in Fig. 5. It should be 
noted that a considerable improvement in impact 
characteristics has been obtained. The temperature 
corresponding to our 25 ft-lb impact failure criterion 
has been lowered from the + 16°F obtained with 
Grade “B” steel to an extrapolated value of about 
—50°F with the 0.18 per cent carbon-1.20 per cent 
manganese modification. This is certainly a signifi- 
cant improvement in the resistance to impact failure. 


Some of the other important characteristics relat- 
ing to the processing of steel castings were investi- 
gated. Susceptibility to hot tearing is of paramount 
importance to the foundryman from a cost stand- 
point. Obviously, if a steel is less prone to hot tearing 
it will be more economical to process and will pro- 
vide a greater assurance of safe service under dy- 
namic loading conditions. 

Figure 6 is a graphic representation of the com- 
parative hot tear susceptibility of regular Grade “B” 
steel and the modified alloy which has been de- 
veloped. The numerical ratings are a measure of the 
relative extent of hot tearing present in a cast steel 
cylinder subjected to a hindered contraction about a 
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Fig. 6 — Comparison of hot tearing susceptibility of Grade 
“B” steel and the 0.18% C-1.20% Mn Moditied Grade “B” 
steel. 
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massive, carefully prepared center core produced 
from a standard oil-bonded core sand mixture. It is 
apparent from Fig. 6 that the modified composition 
is approximately one-third less prone to hot tearing 
in the normal pouring temperature range. This dif- 
ference in hot tearing susceptibility could make some 
difficult and costly casting jobs more simple. 

Several production scale test heats of this steel were 
made in 814-ton basic electric furnaces. The evalua- 
tion of test castings and actual casting defects have 
corroborated the results obtained in our experimen- 
tal work.and have proven that a significant improve- 
ment in hot-tearing characteristics has been obtained. 
Spiral fluidity tests and the appearance of produc- 
tion castings poured in shop run heats also served 
to prove that there is no significant difference in 
metal fluidity between this modified composition and 
regular Grade “B” steel. 

Another characteristic of any steel composition 
which is important to both producer and user is 
weldability. The weldability of this composition from 
the standpoint of defect repair or maintenance is 
satisfactory. No preheating or complicated welding 
procedure is necessary. 

The ease of welding Grade “B” steel with suitable 
electrodes has been well established. The results of 
our studies show that equally satisfactory welding 
can be accomplished with the 0.18 per cent carbon- 
1.20 per cent manganese composition. Examination 
of simulated casting repairs revealed crack-free weld 
areas. 

Grooves prepared in l-in. thick cast plates were 
welded with E-7016 electrode. Test deposits consist- 
ing of three pass welds were made in both as-cast 
and normalized plates. 
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Fig. 7 — Hardness traverses of weld deposits. 


Figure 7 is a graphic representation of the results 
of hardness traverses of weld areas which proves that 
no abnormal hardening occurs with this steel com- 
pared with the conventional Grade “B” composition. 
This indicates that the parent metal adjacent to the 
weld deposit is not embrittled by the welding oper- 
ation. The low carbon content of the parent metal 
is a significant factor in this respect since it cannot 
achieve as high hardness as higher carbon steels. The 
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Fig. 8 — ASTM end-quenched hardenability test results. 


results obtained definitely prove that an increase in 
manganese content to obtain mechanical advantages 
over the present Grade “B” steel composition does 
not impair weldability when carbon content of the 
base metal is reduced. 

Figure 8 is a graphic representation of the results 
of conventional end-quench hardenability tests per- 
formed on specimens of a normal Grade “B” steel 
composition, the 0.18 per cent carbon-1.20 per cent 
manganese composition and the 0.18 per cent carbon- 
1.20 per cent manganese composition which has been 
boron treated. It is apparent from these curves that 
both the boron-treated and untreated 0.18 per cent 
carbon-1.20 per cent manganese compositions may be 
readily flame or induction hardened to combat lo- 
calized wear. Surface hardening of a normal Grade 
“B” steel is very shallow and affords practical bene- 
fit only in certain instances. The hardenability curves 
also point out the possibility of through hardening 
light-sectioned castings. Use of an appropriate tem- 
pering treatment could permit use of this composi- 
tion as a high tensile steel. It would then become a 
dual purpose material. 

In the normalized condition the mechanical prop- 
erties can meet AAR M-201-53 Grade “B”; ASTM 
A27-55, Class 70-36; ASTM A352-55T, Class LCB; 
Federal QQ-S-681 b, Class 2; SAE Automotive Class 
0030 and ABS Class 2 specifications. In the quenched 
and tempered condition, the mechanical properties 
can meet AAR M-201-53 Grade “C”; ASTM A 148-55, 
Class 90-60; Federal QQ-S-681 b, Class 4B2 and SAE 
Automotive Class 090 specifications. Typical static 
tensile properties obtained from this material in 
a quenched and tempered condition are shown in 
Table 1. 

Further studies of the weldability of fully hard- 
ened 0.18 per cent carbon-1.20 per cent manganese 
steel were performed with E-7016 electrode in order 
to determine the feasibility of maintenance repair or 
field fabrication of castings to meet tensile require- 
ments of approximately 90,000 psi. One-inch thick 
cast plates were fully hardened by water quench- 
ing. The base metal hardness was approximately 
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420 bhn and it was naturally assumed that a stud 
of weldability performed on a fully hardened stee! 
would be far more critical than studies performe:: 
on quenched and tempered samples. 


No cracking was encountered in this study, whic!: 
indicates that the composition is definitely weldabl« 
in the quenched and tempered state. Minimum hard 
ness encountered near the weld deposit was 290 bhn 
which corresponds to a tensile strength of approxi- 
mately 136,000 psi. We may conclude from this work 
that necessary tensile strength for Grade “C” require. 
ments would be maintained in the weld area in spite 
of tempering caused by welding heat. 


While it has been demonstrated that the outstand 
ing properties of this composition are capable of 
meeting many diverse specifications, it should be 
mentioned that most of the lower strength specifi- 
cations previously mentioned carry restrictions on the 
maximum permissible manganese content of the alloy 
composition. This is, undoubtedly, a carry-over from 
experiences of days prior to our modern technological 
advances. It is a well known fact that welding caused 
embrittlement of manganese-containing steels before 
the development of the low-hydrogen welding elec- 
trode and other modern welding techniques. Im- 
proper heat treating procedures also caused similar 
difficulties. 

Many specifications are written so that manganese 
content may be increased in a certain proportion as 
carbon content is reduced. This indicates an under- 
standing of the fundamental relationship between 
carbon and manganese by the specification writing 
body. Some specifications, such as the AAR Grade 
“B” specification, stipulate a maximum limit of 0.85 
per cent manganese. 

The evidence obtained in this investigation proves 
that manganese contents in excess of 1.10 per cent 
are not deleterious if the carbon content is reduced 
to approximately 0.18 per cent. In fact, these studies 
and parallel work performed by other institutions 
on similar problems prove that the advantages to be 
gained by the use of a higher-manganese, lower-car- 
bon alloy composition far outweigh the disadvan- 
tages of bygone years. Specification writing bodies 
should give modern reappraisals to details of existing 
specifications which have become obsolete through 
advances in processing technology. 


Summary 
In closing let us summarize the benefits to the 
customer and to the producing foundryman which 
could be obtained by the utilization of a steel of this 


TasBLeE | — Static TENSILE PROPERTIES OF QUENCHED 
TEMPERED* 0.18% C, 1.20% Mn Mopiriep 
GRADE “B” STEEL 








Yield Tensile Reduction 
Strength, Strength, Elongation, of Area, 
psi psi % % 
66,500 97,500 24.0 52.3 
Grade “C” Spec. 60,000 90,000 22.0 45.0 


*Tempered at 500 F for 2 hours and water quenched. 
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composition. Benefits to the customer include: (1) 
increased resistance to brittle fracture through im- 
proved impact characteristics and reduced possibility 
of hot tears in castings, (2) surface hardening of 
areas of local wear would be more effective than 
with ordinary Grade “B” steel, (3) ready weldability 
for cast-weld fabrication of members. Benefits to the 
foundryman include: (1) reduced susceptibility to hot 
tearing, (2) decreased likelihood of service failures 
because of lower probability of undetected hot tears 
and improved mechanical properties and impact 
characteristics, (3) ready weldability and ease of de- 
fect repair. 
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DISCUSSION 
Chairman: A. J. Kues-er, General Electric Co., Schenectady, N.Y. 


S. L. GertsMAN1 (Written Discussion): Mr. Engquist is to be 
congratulated for a fine piece of work. The author focuses atten- 
tion on a very important property of steel, namely, impact 
strength. Spectacular ship plate failures emphasized the sig- 
nificance of shock resistance in the wrought steel field. This 
property has not had major recognition in cast steels other than 
some specialty production in the past. One reason for this is the 
fact that these steels are usually in the fully deoxidized condition. 


The manganese carbon ratio is generally considered to be the 
most important factor in carbon steel plate. In this paper it is 
indicated that the carbon content is most important, followed 
by the manganese content. It would have been interesting to 
have the nitrogen contents of the various failed castings and the 
heats of steel used in this work. A complete metallurgical analysis 
of the failures would have been useful. 


As one reads the report it occurs that a minimum impact 
strength requirement might have eliminated trouble since only 
a relatively small number of the castings in use failed. (20 in 
41% yrs.) It may well be that a proper specification coincident 
with good foundry control might have eliminated some poor 
quality heats of steel. Perhaps it would not then be necessary 
to increase the manganese content of the steel. 


1. Chief of Physical Metallurgy, Department of Mines and Technical 
Surveys, Ottawa, Ontario, Canada. 








EFFECT OF NITROGEN AND VACUUM DEGASSING ON 
PROPERTIES OF A CAST ALUMINUM-SILICON- 
MAGNESIUM ALLOY (TYPE 356) 


By 


R. K. Owens, H. W. Antes, and R. E. Edelman* 


ABSTRACT 

A study was made of the relative efficiencies of vacu- 
um and nitrogen degassing Type 356 aluminum alloy. 
For a given degassing time, more hydrogen was re- 
moved by nitrogen degassing; however, the degassing 
time necessary to produce completely sound metal was 
the same for both degassing treatments. The tensile 
properties of this alloy were insensitive to method of 
degassing. The effects of gas content and porosity on 
the ultimate and yield strength were determined for 
virgin and remelted heats. The first 1 per cent voids 
had a very detrimental effect on the ultimate and yield 
strengths of the remelted heats. The strength of the vir- 
gin heats was relatively unaffected by the first 1 per 
cent voids. 


Introduction 


Foundrymen are well acquainted with the problem 
of porosity in aluminum castings. It can cause pres- 
sure unsoundness and weaken a part considerably. 
Research on this problem has isolated the cause of 
the porosity to shrinkage and dissolved hydrogen. 

Shrinkage porosity, which is interdendritic, pro- 
motes pressure unsoundness. This porosity can be 
combated by proper directional solidification and 
feeding. Porosity caused by hydrogen may be either 
angular or globular in form. 

Once excessive hydrogen has been absorbed by the 
molten aluminum it must be removed before the 
metal is poured or the resulting castings will be un- 
sound. Various methods have been developed for re- 
moving dissolved hydrogen from aluminum. These 
methods have been summed up by Eastwood as fol- 
lows: 1 


1. Using a hydride former which will separate from 
the melt, 

. Degassing by vibration, 

. Evacuation of the melt, 

. Solidification and remelting, 

. Holding under a dry atmosphere and stirring to 
accelerate the degassing process, and 

6. Bubbling or “fluxing” with a gas or with vapor 

formed from a solid or a liquid. 


ot & CoO DO 


*Pitman-Dunn Laboratories, Ordnance Corps, Frankford 
Arsenal, Philadelphia, Pa. 
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In general foundry practice, methods four and six 
have been most commonly used; however, some very 
interesting work has been done recently on degassing 
by vibration? and by evacuation.3.4 

All of the above methods utilize one or both of the 
two basic mechanisms by which hydrogen can escape 
from molten aluminum. The first mechanism in- 
volves the precipitation of a small bubble of molecular 
hydrogen which rises to the surface, and the second 
involves a diffusion desorbtion process. This second 
mechanism is the principal means of gas escape from 
molten aluminum. Purging a melt with nitrogen is an 
example of a process which utilizes this mechanism. 
When a bubble of nitrogen is introduced into a melt 
a concentration gradient is set up which encourages 
the diffusion of atomic hydrogen to the bubble. 
Atomic hydrogen then combines in the nitrogen bub- 
ble to form molecular hydrogen, which is insoluble, 
and thus is liberated when the bubble reaches the 
surface. 

When a vacuum degassing treatment is used on 
molten aluminum, both of the above-mentioned 
mechanisms of gas escape can occur. The principles 
of vacuum degassing and bubble formation have been 
discussed by Eastwood! and by Allen,® respectively. 
Utilization of vacuum degassing techniques have been 
confined to the laboratory until recently.3 Basic argu- 
ments opposing this method of degassing are high 
initial cost of the apparatus and the long holding 
time necessary for adequate gas removal (one to 
two hours under a good vacuum to make the metal 
acceptable, for an aluminum melt 18 in. deep).? 
However, Bishop, Layne and Pellini? recently de- 
veloped a vacuum degassing apparatus which can be 
used to degas 100 pounds of aluminum or other non- 
ferrous alloy in 10 to 15 minutes. This method 
utilizes only mechanical vacuum pumping equipment. 
They have found that degassing with their apparatus 
generally eliminated porosity in aluminum alloys, 
even for their worst conditions where the metal was 
poured very hot. When this vacuum degassing equip- 
ment was used on gun-metal bronze an increase in 
reduction of area, elongation, and tensile strength 
was realized over the as-melted metal.4 
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Fig. 1 — Vacuum degassing apparatus. 


In a recent paper by Layne and Bishop® the effect 
of vacuum degassing on the tensile properties of sev- 
eral aluminum alloys was determined. However, vacu- 
um degassing techniques were not compared to other 
degassing methods. Therefore, it was the purpose of 
this study to investigate this factor and also to de- 
termine the effect of gas content on the tensile prop- 
erties of an aluminum casting alloy. 


Equipment 

Vacuum degassing apparatus used in this study was 
designed to provide rapid expulsion of all gases from 
the vacuum chamber. This equipment permits de- 
gassing to vacuum levels of 0.2 to 0.3 mm of mercury 
within two minutes after the unit is put into opera- 
tion. In addition, a recording potentiometer was used 
to record the temperature of the molten metal while 
it was being degassed. A Stokes vacuum gage was 
employed to measure the vacuum maintained in the 
system. 

Briefly, the apparatus consists of a stainless steel 
chamber connected by a pipe and valve system to a 
mechanical vacuum pump. The system is shown in 
Fig. 1. 

The vacuum chamber consists of a stainless steel 
pot with a vacuum-tight flange brazed around the top. 
This flange contains an O-ring groove and a neoprene 
O-ring seal. The vacuum chamber, when in position, 
is inverted and rests upon a flat 14-in. steel plate 
which is backed up with a 14-in. transite plate used 
for insulation. The steel and transite plates are bolted 
to a table for rigidity. A refractory stool is provided 
at the base of the vacuum chamber so that a crucible 
of molten metal can be placed on it and the chamber 
lowered over it. 

A system of piping connects a Kinney VSD 556 
mechanical vacuum pump (8 cfm capacity at 0.1mm 
Hg) to an outlet that is positioned under the vacuum 
chamber. A vacuum valve is placed in the line to 
allow the release of the vacuum in the chamber with- 
out turning off the pump. A valve is positioned be- 
tween the vacuum valve and the vacuum chamber to 
release the vacuum. 
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A chromel-alumel thermocouple encased in a 
vacuum-tight stainless steel tube projects into the 
vacuum chamber from the top. The thermocouple 
provides a means of measuring the temperature of the 
metal while it is being degassed. Also, a sight port is 
located in the top-center of the vacuum chamber to 
view the molten metal during degassing. 


i 











Hey 


Fig. 2— Nitrogen degassing apparatus. (A), Gas supply; 
(B), Dessicator; (C), Graphite tube; and (D), Crucible of 
molten metal. 





A schematic diagram of the nitrogen degassing 
equipment is shown in Fig. 2. The nitrogen gas was 
passed through a calcium chloride desiccant to re- 
move any moisture that might be present. The dried 
gas was then passed through a graphite tube and al- 
lowed to escape through small apertures in the end 
of the tube. Before degassing, the nitrogen gas tank 
was adjusted to maintain a slow and uniform flow of 
gas through the system. A graphite tube was then sub- 
merged in the molten aluminum and gas allowed to 
bubble up through the melt. 


Method 


Approximately 30 pounds of “356” alloy (AIl-7.0%, 
Si-0.3%, Mg) was melted in a 3000-cycle, Ajax North- 
rup lift coil induction furnace. The metal was super- 
heated to 1600 F in a clay-graphite crucible and then 
allowed to cool. When the melt temperature reached 
1300 F a 30-gram sample was dipped out in thin- 
walled steel mold and solidified at a reduced pressure 
of 85mm of mercury. The density of this sample was 
then measured with a “gravitometer,”7 an instrument 
developed at Frankford Arsenal for making rapid 
density measurements. All reduced pressure densities 
were converted to cubic centimeters of gas present, in 
100 grams of alloy at standard condition of tem- 
perature and pressure. 

The metal was then reheated to 1600 F and gas 
was introduced into the melt by submerging a piece 
of green wood in the molten metal. Following the 
gassing operation, the metal was allowed to cool to 
1300 F, skimmed, and another reduced pressure den- 
sity taken. Density of the reduced pressure specimens 
indicated that the metal contained approximately 0.26 
cc of gas per 100 grams of metal when it was gassed 
for 2 minutes. This is probably more gas than would 
be present due to ordinary gas or oil melting. 

The next step was to reheat the metal again to 
1600 F and to pour half of the metal into a clay- 
graphite crucible which had been preheated to 1400 F. 
The preheated crucible was then placed on a refrac- 
tory stool in the vacuum degassing chamber and evac- 
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uated. A pressure of 200 to 300 microns was obtained 
in the unit in 2 minutes. It was necessary to use a 
preheated crucible and superheated metal to com- 
pensate for the loss of heat during vacuum degassing. 

The remainder of the metal was degassed by bub- 
bling dried nitrogen through the melt. When the 
degassing treatments were complete, the metal in both 
crucibles was cooled to 1300 F and reduced pressure 
density specimens were obtained from each. 

When the metal remaining in the crucibles cooled 
to 1250 F a pair of 0.505-in. diameter tensile bars were 
cast from each crucible. Figure 3 illustrates the gating 
and risering used in making the tensile bar castings. 





Fig. 3— Tensile bar casting illustrating gating and risering. 


The composition of the sand used for the molds is 
shown in Table 1. 


TABLE |] — MOLDING SAND 


Silica Sand (AFS Fineness No. 80) ........ 93.0 per cent 
i Be a eer 1.5 per cent 
WRRRTN, TOMMAOENE 2). oases ees cesecsee 1.5 per cent 
ST MEE cdi ccsdensencdsencarssies 1.5 per cent 
ME Di wescn ces bce tatanaesdeineess gee Wes 2.5 per cent 


The cast tensile bars were solution treated at 1000 F 
for 16 hours and quenched into hot water (150-212 F) 
and immediately aged at 310 F for four hours. After 
the heat treatment, the bars were tested in tension. 
Ultimate strength, yield strength, and per cent elon- 
gation were determined. 

A section of the runner of each heat was used for 
chemical analysis. On a few heats, chemical analyses 
were made on each casting to determine if there were 
any changes in composition due to the degassing op- 
erations. 

Results 

Gassy melts were degassed for various times with 
dry nitrogen and by vacuum. The effect of four of 
these degassing treatments on the density of the melt 
is shown in Fig. 4. From Fig. 4 it can be seen that 
the higher density specimens were obtained when the 
heats were degassed with nitrogen for 2, 3, and 6 
minutes. However, none of the specimens that were 
degassed for 2, 3, or 6 minutes were sound. To illus- 
trate this fact, the reduced pressure density specimens 
were sectioned and polished. Macrographs of these 
specimens are shown in Figs. 5, 6, and 7. When gassy 
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metal was degassed for 10 minutes with nitrogen an:j 
by vacuum, both degassing treatments produced soun:| 
metal. Macrographs of these density specimens ar: 
shown in Fig. 8. In Fig. 4, it appears that the spec.- 
mens that were degassed for 10 minutes with nitrogen 
were more dense than the specimens that received 
the vacuum degassing treatment. The difference in 
the density of the nitrogen and vacuum degassed 
specimens is small and within experimental error. 
Therefore, these specimens may be considered to have 
the same degree of soundness. 

Heats of virgin metal (initial melt down of pur- 
chased ingot) were degassed various degrees with 
nitrogen and by the vacuum technique. The ultimate 
tensile and yield strengths of virgin melts as a func- 
tion of gas content are shown in Fig. 9. It is evident 
that for the range of gas contents studied that the 
amount of gas present had very little effect on the 
strength of the alloy. 

The two degassing treatments were applied also to 
remelted heats of 356 alloy. Ultimate tensile and 
yield strengths of these heats were also plotted as 
function of gas content (Fig. 10). From Fig. 10, it 
can be seen that a sharp decrease in both ultimate 
and yield strength was observed with the presence of 
up to approximately 0.18 cc of gas per 100 grams of 
alloy. When this gas content was exceeded the rate 
of the decrease in strength became less. The complete 
tensile data are shown in Table 2. 

The type of degassing treatment that was used had 
no effect on the tensile properties as long as no in- 
clusions were present. However, it was observed that 
when nitrogen degassing was employed inclusions were 
more frequently present in the tensile specimens than 
when vacuum degassing was used. 
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Fig. 4 — Eftect of degassing with nitrogen and by vacuum on 
the reduced pressure density of an Al-Si-Mg Type 356 alloy. 
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As Melted Vacuum Degassed Nitrogen Degassed 


Fig. 5— Reduced pressure density specimens for as-melted, 
2-min. vacuum and 2-min. nitrogen degassing treatments. 


Chemical analyses were made on several heats to 
determine the effect of degassing technique on the 
chemical composition of the alloy. The results of 
these analyses are shown in Table 3. 

It can be seen from these data that the alloys met 
the specification for 356 alloy and that vacuum and 
nitrogen degassing had essentially no effect on the 
magnesium or iron composition. The variation in 
silicon content might be attributed to the use of clay 
graphite crucibles and slight differences in handling 
techniques. 


Discussion 
It may be noted from Table 2 that the elongation 
values are less than the minimum requirement for 
356 alloy. Work by Quadt§ has shown that a natural 
aging treatment at room temperature for approxi- 
mately 24 hours followed by the artificial aging treat- 
ment provides higher elongation than a treatment 





As Melted Vacuum Degassed Nitrogen Degassed 


Fig. 7 — Reduced pressure density specimens for as-melted, 
6-min. vacuum and 6-min. nitrogen degassing treatments. 





As Melted Vacuum Degassed Nitrogen Degassed 





Fig. 6 — Reduced pressure density speci for as-melted, 
3-min. vacuum and 3-min. nitrogen degassing treatments. 


where the material is artificially aged immediately 
after solution treating. Similar tests were made by 
R. C. Harris at Frankford Arsenal on a commercial 
356 alloy of approximately the same composition of 
the alloys used in this investigation.® These results 
are shown in Fig. 11. 

It can be seen from the curve in Fig. 11 that 
elongation increased when an intermediate room 
temperature aging treatment of approximately 10 or 
more hours was employed. However, the maximum 
elongation that was realized from this type of heat 
treatment (approximately 2 per cent) was still less 
than the minimum requirement for 356 alloy. Addi- 
tional work by Harris on the problem of low elonga- 
tion in 356 alloy has led to the conclusion that if the 
iron content is high, elongation requirements can 
be met by keeping the magnesium content down 
around 0.2 per cent. If the magnesium content is 
0.3 or greater, low elongation will be obtained. The 





As Melted 


Vacuum Degassed Nitrogen Degassed 


Fig. 8 — Reduced pressure density specimens for as-melted, 


10-min. vacuum and 10-min. nitrogen degassing treatments. 
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TABLE 2— TENSILE PROPERTIES OF VIRGIN AND 
REMELTED 356 ALLOY FOR VARIOUS 
Gas CONTENTS 
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most desirable situation is where the iron content: i: 
very low (less than 0.1 per cent) and the magnesium 
content is approximately 0.3 per cent. Tensile 
strengths slightly greater than 35,000 psi with a yield 








cc A : 
Heat UTSx10% YSx10-3 % Elong. per 100 g %, of 24,000 psi and 6 per cent elongation can be ob- 
No. psi psi (0.2%)  (2in.) of Alloy Voids tained with a 0.3 per cent magnesium, low iron 
Remelt content (less than 0.1 per cent) type 356 alloy. 
-B 4 op 0.000 0.00 Higher strengths with correspondingly lower elonga- 
: : ; tions may be realized by increasing the magnesium 
A 41.7 34.9 1.0 0.018 0.14 . 
39.6 32.8 1.0 ‘ ; content of this type alloy. 
2B “9 = . 0.036 0.27 The general effect of porosity in any casting is a 
: ‘ decrease in mechanical properties. In aluminum 
2 40.6 32.7 1.0 anes a all th a ; “ct 4 
41.0 34.1 10 ; . oys, the greatest decrease in properties is cause 
sail 37.6 313 20 saiead -™ by the first 1 per cent voids. This is explained by 
37.4 31.4 1.8 , : the fact that small quantities of dissolved gas tend to 
2-A =e =e + 0.080 0.59 form angular voids.1 As the amount of gas in the 
, ; metal increases beyond | per cent the voids take a 
11-B 37.0 $1.1 1.8 0.080 0.59 lobular £ d , d h - 
37.0 313 18 globular form and continue to reduce the properties, 
37.5 30.4 19 but at a lesser rate than caused by the first 1 per 
5-B 0.131 0.96 ° ° ‘ 
— _ - cent. Therefore, if strength is plotted as function of 
4-B op a ye 0.167 1.20 per cent voids the resulting curve would be expected 
23.2 ‘aie oa to be similar to that shown in Fig. 12. 
ma 35.8 27.9 1.0 O97 — Tensile and yield strengths, as a function of the 
4-A oy a3 1.8 0.257 1.85 percentage of voids, are also plotted in Fig. 9 for the 
Bees. a virgin heats and in Fig. 10 for the remelted heats. 
Viegin Bick It can be seen from these curves that the virgin 
12-C poe ps - 0.000 0.00 heats did not follow the ideal curve. In Fig. 10, 
405 39.8 21 ; : however, it can be seen that the remelt did follow 
2B 38.3 32.5 1.7 —- a6 the ideal curve. A sharp drop in both ultimate and 
18-D 38.8 33.3 1.0 0.018 0.14 yield strengths was observed up to approximately 
38.8 33.5 10 the first 1 per cent voids. The strength continued to 
18-C oe a = 0.029 0.23 decrease when more than 1 per cent voids were 
sah 39.5 33.4 20 side on present but at a lesser rate. 
39.8 33.8 14 One possible explanation for the difference in be- 
14-D ans a oy 0.042 0.32 havior between the virgin and remelted heats is that 
38.6 83.5 29 on remelting, the grain refining characteristics of the 
16-D 38.5 33.2 19 0.042 0.32 titanium in the alloy are lost.1° The fact that the 
13-D 40.3 34.1 2.8 0.047 0.36 deleterious effect of a given amount of hydrogen is 
38.0 $2.5 1.4 reduced as the grain size is reduced has been estab- 
18-B $00 =! is 0.047 0.36 lished by work done at Massachusetts Institute of 
38.3 33.7 1.0 Y ; oe 
03 945 pF Technology.11 Therefore, in the virgin melts the 
6D 40.6 33.8 22 0.062 0.45 rain size would be finer, and the effect of hydrogen 
8 ydrog 
19-C 39.0 33.3 15 0.062 0.45 would be less pronounced than in the remelt heats 
39.8 33.4 1.8 where the grain size would be larger. 
6 32.6 1.5 . , 
13-C oe oe 14 0.062 0.45 The only advantage of vacuum degassing that was 
38.4 32.3 16 observed during this investigation was that inclu- 
15-C 7 I 18 0.067 0.50 a . 
37.0 31.4 : sions were less prevalent than for nitrogen degassed 
17-B Pe - = 0.080 0.59 material. However, the percentage of castings with 
inclusions was small for both degassing techniques. 
an 37.6 $2.7 14 ones inp | , 
. 37.5 32.0 1.8 ; a Some of the disadvantages of vacuum degassing are 
13-B : : = “4 0.080 0.59 high cost of equipment, heat losses during degassing, 
: : ; and additional handling of the molten alloy that is 
5B 38.0 31.6 1.8 0.112 ene cat 8 nadia 1 df h 
37.3 33.3 12 : —_— require or transporting the meit to and from the 
16-C =e ae je 0.195 092 degassing apparatus. In view of these observations 
é , and since the mechanical properties of the alloy 
TABLE 3— CHEMICAL ANALYSES OF HEATS 
Vacuum No Vacuum No Vacuum No 
As Degassed Degassed As Degassed Degassed As Degassed Degassed 
Element Specification Melted 2min. 2min. Melted 3min. $3min. Melted 10min. 10min. 
Silicon 6.5 to 7.5 6.77 7.50 6.85 7.05 6.72 7.50 7.38 6.69 7.69 
Iron 0.5 Max. 0.36 0.50 0.40 0.36 0.42 0.40 0.38 0.37 0.37 
Magnesium 0.2 to 0.4 0.35 0.30 0.29 0.34 0.34 0.32 0.33 0.28 0.31 
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Fig. 9 — Ultimate tensile and yield strengths vs gas content 
and per cent voids for virgin melted 356 alloy. 
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Fig. 10 — Ultimate tensile and yield strengths vs gas content 
and per cent voids for remelted 356 alloy. 
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Fig. 11 — Variation of tensile properties of 356 alloy as a 

function of room temperature aging time. All alloys solution 

treated for 16 hr at 1000F, aged at room temperature for 
times shown, and subsequently aged for 4 hr at 310 F. 


were insensitive to the method of degassing, it is the 
opinion of the authors that vacuum degassing should 
not take precedence over other good degassing tech- 
niques that are employed commercially. 


. Conclusions 

1. Type 356 aluminum alloy can be degassed ef- 
ficiently by a vacuum degassing technique. 

2. A degassing time of 10 to 15 minutes is necessary 
to provide gas-free metal when either vacuum or 
nitrogen degassing is used. 

3. There is no difference in the tensile properties 
of vacuum or nitrogen degassed 356 alloy for a given 
degree of soundness. 

4. Hydrogen has a moderately detrimental effect 
on the tensile properties of cast 356 alloy virgin 


STRENGTH 








PER CENT voios 


Fig. 12 — Theoretical plot of strength vs per cent voids for 
cast aluminum alloys. 








430 


metal in the range of 0 to 1.0 per cent voids. 

5. Hydrogen has an extremely detrimental effect 
on the tensile properties of cast 356 alloy remelted 
metal. The greatest decrease in properties is caused 
by the first 1 per cent voids. 
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DISCUSSION 


Chairman: D. L. LAVELLE, Kaiser Aluminum and Chemical 
Sales, Inc., Chicago, Il. 

W. A. PoLiarp! (Written Discussion): The authors state that 
the principal reason for the rather low elongations obtained in 
this study is the combined effect of high iron and magnesium 
contents. It would be interesting to learn if additional work with 
low-iron melts confirmed this opinion. 

Our own experience, as shown in Fig. A, taken from unpub- 
lished data by H. J. Fisher, would lead us to disagree with the 
above conclusion. 

A series of melts of SG70 alloy was made at our laboratories 
in which the magnesium contents varied from 0.14 per cent to 
0.59 per cent. The alloys were made up from commercial ingot 
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Fig. A— Effect of magnesium content on tensile properties 
of cast aluminum alloy SG70A-T6. 


supplied by the Aluminum Company of Canada Limited to their 
AC135 designation and contained 6.4 per cent Si and 0.3 per cent 
Mg. Magnesium additions were made in some cases to obtain 
higher contents of that element. The iron contents of the alloys 
were practically constant at between 0.23 per cent and 0.28 per 
cent. Degassing was carried out by flushing with either chlorine 
or nitrogen. (The lower magnesium contents were the result of 
degassing for longer periods with chlorine.) The test bars used 
were cast-to-size in a mold designed according to U.S. Federal 
Specification QQ-M-56 (June 1950), p. 6 Fig. 1A. 


While the elongation of the alloys in the T6 condition did 
decrease with increasing magnesium content, no difficulty was 
experienced in obtaining satisfactory properties within the 
specified range of 0.2-0.4 per cent Mg. The optimum magnesium 
content was found to be 0.3 per cent. For this composition 
typical tensile properties were: UTS 40,000 psi, 0.2 per cent 
Proof Strength 30,000 psi, Elongation 5.0 per cent. 


In the experiments referred to, the casting temperature used 
was about 1220F (660C) and during melting the temperature 
of the metal was not allowed to rise above about 1330 F (730(C). 
It is suggested that the low elongation values obtained in the 
present work might be explained, at least in part, by the very 
high super-heating temperatures used —1600F (870C) —and, 
possibly, some agitation of the bath by the induction furnace. 


Although grain size is suggested as one explanation of the 
difference between the properties of virgin melts and remelted 
heats, no actual grain size measurements are quoted and it 
would be interesting to know the order of grain sizes obtained 
in the work. 


AUTHORS' CLOSURE 


The authors are appreciative of the discussion submitted by 
Mr. Pollard. His principal point of issue is concerned with the 
low elongation values obtained in this work and whether the 
iron impurity is responsible for these low values. The wery 
detrimental effect of iron on the elongation of cast aluminum- 
silicon-magnesium alloys was illustrated as early as 1931 by 
Archer and Kempf.1 These investigators found that there is 2 
loss of approximately 70 per cent in the elongation as the iron 
content is increased from 0.1 to 0.5 per cent. 


Recently, Lemon and Hunsicker2 obtained similar results on 


1. Archer, R. S. and Kempf, L. W., ‘““Aluminum-Silicon-Magnesium Cast- 
ing Alloys,” Trans. AIME, Inst. of Metals Div., vol. 93, p. 448- 1931. 
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permanent mold cast 356 alloy. DeRoss? has shown that the 
‘aaximum iron content should be limited to 0.15 per cent in 
order to realize a combination of properties (UTS — 40,000 psi, 
YS — 30,000 psi, E—6 per cent). These are similar to those 
quoted by Mr. Pollard for an alloy that contained 0.23 to 0.28 
per cent iron. 

The iron content of the alloy used by the authors was at the 
0.38 per cent level, which would result in a significant increase 
in the beta iron-silicon constituent present in the microstructure. 





t 





2. Lemon, R. C. and Hunsicker, H. Y., “New Alumi Per 
Mold Casting Alioys C355 and A356, Trans. AFS vol. 64, p. 255, 1956. 


3. DeRoss, A. B., “Aging Practices for High Strength Ductile Aluminum 
Alloy HP356," Modern Castings, May 1957. 
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The presence of excessive amounts of this phase in the micro- 
structure of an alloy heat treated to the strength level reported 
by the authors (33,000 psi yield strength) would be expected 
to limit the elongation. 

The authors agree that the degree of super heat and the 
agitation caused by the induction field would contribute to low 
elongations. However, it is felt that this contribution is small. 
There is sufficient evidence in the literature which indicates 
that the major cause of the low elongation would be realized 
from the presence of the high iron content. 

No grain size measurements were made since there is no metal- 
lurgical technique currently available for accurately revealing 
the grain size of 356 alloy. 








PLASTICS IN PATTERNMAKING 


By 


Henry A. Burton* 


Initially, the main purpose in trying plastic patterns 
and core boxes was costs. However, since that time 
many reasons have prompted the continuance of de- 
velopment and use of plastics. 

Reduction of initial cost of patterns is still the most 
important reason. However, speed of construction, 
speed and ease of repair and better cores due to re- 
duction of draft and loose pieces have all contributed 
to the popularity of plastic equipment. 

Our greatest cost benefits to date have been de- 
rived from complex patterns and core boxes, the 
more intricate the contours and shapes, the greater 
the savings between metal and plastic. 

In 1953 we purchased several phenolic patterns 
and boxes and were initially impressed with these 
boxes. However, it was soon found that they were 
too brittle, required extensive repairs and did not 
stand up to foundry service. 

In 1954 we started our own experiments with 
epoxy resins, and they immediately proved successful. 
Epoxy resin is a polyester and belongs to the ther- 
mosetting group of plastics. This means that once it 
has hardened it cannot be liquified by temperature 
changes. 

These epoxies have dimensional stability, high com- 
pressive strength, excellent adhesive qualities, impact 
resistance, wetting ability, abrasive resistance, and easy 
release from sand. 

Since this time hundreds of patterns and core boxes 
have been produced successfully, and methods of pro- 
duction and the quality of plastic patterns have been 
greatly improved. 


Resin Types 

With the advent of new formulations, faster and 
more economical methods of construction of patterns 
and core boxes have been developed. These may be 
compounded in a variety of formulates, each being 
suitable for a special application. 

The following are Canadian formulated resins, and 
from these, several different types of resins and cata- 
lysts may be selected for any one pattern or core box. 
They should be chosen for their machinability, abra- 
sive resistance and dimensional stability, coupled with 
the overall cost of these items. (For instance, cheaper 


*Canadian Steel Foundries, Ltd., Montreal, Que. 
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filler resins should be employed for back-up purposes, 
etc.) 

Resin No. 100 is a machinable surfacing resin 
which has dimensional stability and the ability to 
cling to vertical faces. It is usually backed up with 
a fiber-glass laminate for additional strength, keep- 
ing the fabric as close to the surface as possible to 
avoid chipping. 

Resin No. 101 is an abrasive-resistant resin. It has 
much the same characteristics as No. 100 resin except 
that it is difficult to machine. It may be machined 
with carbide-tipped tools or silicon carbide buffing 
wheels. It will provide a mirror-like surface providing 
the surface which it is cast against has been polished, 
and has the ability to pick up the finest detail. 

Resin No. 102 is an exceptionally hard surfacing 
resin. It is currently being used to repair core boxes 
and patterns, or where rapid alteration is to be made 
in box or pattern. By the application of heat it will 
be found to gel in a matter of minutes. 

Resin No. 200 is a laminating resin which can be 
used to laminate the mold or form after a coat of sur- 
facing resin. It has the ability to wet the fiber-glass 
fabric instantly and will furnish a bond which will 
not part. This resin is light in weight and is dimen- 
sionally stable with high impact, high flexual and 
compressive strengths, and can be used as a light 
back-up. However, care must be taken with this type 
of resin to avoid exotherm. 

No. 300 casting resin has a highly abrasive-resistant 
surface and can be used as a general purpose resin 
in the pouring of small patterns or miscellaneous 
work. As with No. 200 Resin it will set up exotherm 
if too much is used at one time. 

No. 410 core resin is used as a back-up resin. It has 
a low exotherm which results in low shrinkage, and 
may be machined without difficulty. 

No. 420 core resin can be used as a filler due to its 
light weight, but is not as strong as No. 410 resin. 

No. 502 clear resin is machinable and can be used 
where a thin coating is desired due to its excellent 
flowability. It is not advisable where bulk is desired 
due to exotherm. 


Mixing the Resin 


The end product, pattern or core box, will depend 
upon the care taken in mixing the resin. A poorly 
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mixed batch will produce pin holes, improper cur- 
ing and a surface lacking in gloss. 

Both the resin and its particular catalyst must be 
carefully weighed in the proper proportions prior to 
mixing. The catalyst or hardener is then added to the 
resin and thoroughly mixed, mixing being done in 
discarded tin cans and requiring up to ten minutes. 
lhe life of the resin in the pot is approximately 14-hr, 
consequently any single mix should be limited to an 
amount of resin that can be used up in this time. 
he life of the resin may be extended by cooling, and 
using shallow pans and frequent stirring. 

To hasten curing time a slightly higher amount of 
catalyst may be used. The ideal room temperature 
for mixing and applying these resins is 70 F — higher 
temperatures will tend to hasten curing and cause 
distortion. 


Tools and Materials 


Tools and materials required in the manufacture of 
epoxy resin patterns and core boxes are inexpensive 
and readily procurable. For an investment of $250.00 
any shop may have the necessary equipment to start 
construction of plastic patterns and core boxes. 

A complete list of the items necessary to equip a 
pattern shop for production of reinforced plastic pat- 
terns and core boxes follows. 

1) Balance in grams by weight ($38.00). 

2) Air spray gun No. 19 ($40.00) . 

3) Oven (28 x 24x 2014), maximum temperature re- 
quired, 450 F, ($150.00). 

4) Spatulas for spreading fibre glass cloth. 

5) Paint brushes. 

6) Empty fruit or vegetable cans supplied by can- 
teen which may be discarded to avoid cleaning 
expensive utensils. 

) Fiber-glass tooling cloth, 0.008 and 0.013 in. 
) Fiber-glass tooling cloth ribbon, 3 in. wide. 

9) Fiber-glass mat used as a filler. 

) Fiber-glass fibers used as a filler, Yg to 11% in. 
long. 

11) Blue mold release agent (polyvinyl alcohol). 

12) Various types of gypsum cements. 

13) Auto primer surfacer and thinner (a_ plaster 
filler). 





Fig. 1 — Vacuum forming a core box after laminating. 
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Fig. 2— Plaster plug ready for laminating, with rubber seal 
ready for blower. 





Fig. 3 — Spraying of a vinyl compound to form a barrier 
against dampness. 





Fig. 4— Finished mine car wheel cope and drag patterns — 
outside diameter, 26 in. 
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Fig. 5 — Set up of window core boxes for side frame suitable 
for blowing, and green top boxes. 





Fig. 6 — Cross section of a core box showing exotherm and 
air pockets. 





Fig. 7 — Cross section of a test piece showing solid struc- 
ture after being vacuum formed. 
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14) Sanding sealer lacquer (for wood or plaster). 

15) Plaster-coat (vinyl release agent with additives). 

16) Wax and water putty for patching plasters anc 
wood. 

17) Plasticine clay for molding. 

18) Sandpaper, No. 320-C, for fine sanding purpose. 
or grit cloth. 

19) Small paint rollers for rolling out air pockets 
when laminating 

20) Pressure adhesive tape. 

21) Scissors. 

22) Abrasive disks. 

23) Potters soap for releasing plaster from plaster. 

24) Celastic tape for alterations. 

25) Polyvinyl alcoho] sheets used on vacuum form- 


ing. 
Pattern Construction 


The following steps are outlined for the construc- 
tion of a plastic pattern. 


1) Master Pattern 

A master pattern is constructed in wood using the 
required shrinkage to suit the type of metal to be 
cast. This eliminates the double shrinkage required 
when constructing a metal pattern, and also allows 
the sampling and dimensional proving of the master 
pattern. The savings here alone are of great value, 
as alterations to a wooden pattern are considerably 
cheaper than to the finished metal or plastic pattern. 
The required time for sampling is also reduced due 
to the trial use of the master pattern instead of wait- 
ing to sample the finished pattern. 


2) Plaster Mold (Construction) 

A plaster cast is taken from the approved master 
pattern, and well dried (125-150 F for 24 hr) to elimi- 
nate any moisture. Any imperfections in the plaster 
surface are repaired, either by building up with plas- 
ter or a hard wax. Care in the treatment of the plaster 
will pay dividends in the surface of the finished pat- 
tern. 

A sealer is applied to seal the plaster from the resin; 
and to prevent the resin from contacting any mois- 
ture from the plaster. Sanding sealer lacquer (nitro- 
cellulose) will give a fine luster to the mold as well 
as a seal. Two or three coats should be applied with 
a paint brush, sanding between coats and a last 
coat rubbed on with a cloth. A coat of paste wax, 
polished, will impart added luster to the plaster, coat 
of glue mold release is applied and the plaster mold 
is ready for laminating. 


3) Laminating the Mold 

The first step in laminating the plaster mold is 
to cover the mold surface with a thin layer of abra- 
sive-resistant resin, which may be spread on with a 
spatula or paint brush. The resin is then allowed to set 
until it becomes tacky. A layer of fiber-glass cloth is 
spread over the entire mold surface, joints being 
overlapped for added strength. To avoid air pockets 
the cloth should be pressed against the resin with a 
spatula. On large molds a small paint roller may be 
used to roll out air pockets. Following the application 
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of cloth, a coating of laminating resin is spread over 
the cloth to wet it down, and furnish a bond between 
the resin and cloth. (It has been found that one or 
two layers of cloth with a layer of mat are all that 
are necessary for surface strength on pattern equip- 
ment.) 

Following the laminating of the pattern with an 
abrasive resistant resin, a fill is added. On small pat- 
terns a fill such as No. 410 or 420 resin with a back 
up of casting or laminating resin for strength is suffi- 
cient. In the case of large patterns, ribs of tempered 
masonite or plastic ribs cast to suit the cavity may be 
added. The pattern is then allowed to cure, and re- 
moved from the plaster mold. 


Construction of Open Core Box for Blowing 

A plaster cast is taken from a master core box, or 
from an existing box. Discrepancies such as breakage 
or wear are rectified using plaster or wax for build 
up. 

Treatment of the plaster is substantially the same 
as in the making of a pattern. After the application 
of a sealer and wax, prints in the shape of core vents 
are cemented to the plaster to avoid drilling in the 
hard plastic. The plaster is waxed, treated with sev- 
eral coats of release agent, and is ready for mount- 
ing. 

Before laminating, the plaster must be secured to a 
plate to assure that there is no movement, and that 
no plastic will run under the plaster form. 

The plaster may be secured by three different 
methods: 


a) For small plaster forms, the plaster may be se- 
cured by cementing plaster to plate with contact 
cement. 

b) For medium sized plaster forms, the plaster may 
be secured by casting in holding magnets. This is 
done by holding the magnets on a metal bar over 
the open end of the box, then pouring the plaster 
around the magnet. The plaster is then located 
and secured to the plate by the magnets. 

c) For heavy plasters, metal dollies are cast into the 
plaster. The plaster is then located on the plate. 
The plate drilled to match the dollies, and the 
plaster secured by screws through the plate. 


Once the plaster is firmly fastened to a plate by 
one of the above methods, it is ready to be laminated. 


A coat of resin is currently being applied, followed 
by one layer of fiber-glass cloth, and one layer of 
mat. 

To gain additional strength, and improved sur- 
faces, the resin may be vacuumed down. This con- 
sists merely of covering the resin and plaster with a 
sheet of polyvinyl alcohol 0.0015 in. thick, and sealing 
with putty. The vacumn hose is fastened against a 
layer of felt (to prevent the plastic from entering the 
hose), and the resin is vacuumed down to form a 
very hard closely knit surface. The vacuum should 
be maintained for 3 hrs or until the plastic is cured. 

To form the outside of the box, an inexpensive 
wooden frame is constructed. The inside of the 
frame is lagged up with seven-ply polished chip board 
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Fig. 8 — Epoxy resin core box, multiple cavity, suitable for 
tor blowing. 





Fig. 9 — Epoxy resin core box in process showing reinforcing 
necessary for blowing. 





Fig. 10 — Laminating of a core box with the use of fiber 
glass mat. 
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to eliminate polishing of the wood. Standard metal 
lighteners are fastened to the frame and waxed with 
a paste wax. A release agent is then applied, and the 
inside of the frame is ready for laminating. 

The frame or that which forms the outside of the 
core box, is laminated in the same manner as the in- 
terior plaster form. The laminated wooden frame is 
then placed over the laminated plaster. 

Approximately a 114-in. space between frame and 
form is allowed for a rubber strip to be cemented to 
the open side of the box for a seal. 

When the frame is in place, steel extension bars 
welded to the desired shape are inserted for added 
strength. An inexpensive filler resin is then used to 
complete the core box. 

The resin is allowed to cure, the form removed, 
brass vents are inserted and the box cleaned up ready 
for use. 


Patching 
It has sometimes been found necessary to repair or 
alter pattern equipment. In many instances this has 
been done by applying precast sheets of different 
thicknesses to the required position. Epoxy resin 
sheets laminated with fiber glass cloth are made from 
4 ,-in. and up to control size. 





Fig. 11 — Removing prints from an epoxy resin core box after 
an overnight cure. 





Fig. 12 — Tailoring of fiber glass cloth on resin (dry). 


PLASTICS IN PATTERNMAKIN(‘ 


These sheets may be cast by two different methods 

1) A polished metal plate is coated with two layer 
of blue mold release. A coating of epoxy resin is the: 
painted on and fiber-glass cloth bedded in. Spacer: 
of the desired thickness are applied and a top plat« 
also coated with mold release is pressed down anc 
clamped. 

The sheet is allowed to cure and plates of the de- 
sired size are removed. 

2) In the second method a polished plate is painted 
with resin after treatment of blue mold release. Fiber- 
glass tooling cloth is rolled in, and the plate is 
left to cure. This is repeated and then the two lamin 
ated halves are bonded together with a coating of 
resin with spacers in between to obtain a sheet ol 
the desired thickness. This method eliminates the 
possibility of any air pockets and gives a very smooth 
surface. 

To apply these sheets to a pattern or core box, both 
sheet and pattern must be roughed up to obtain an 
adequate bond. A coat of resin is applied to pattern 
or sheet, clamped into place and allowed to cure. 

A quick method for patching a print or pattern 
without sheets, is to rough up the area to be treated 
and apply spacers of the required thickness. A coat 
of resin is then painted on the pattern, a plate 
clamped on top and resin allowed to set. 


Plastic Patterns From Green Sand Molds 

To gain speed and reduce costs in obtaining cer- 
tain types of patterns plastic has been cast in green 
and skin dried sand molds. -(A fine molding sand 
No. 60 GFN is suitable.) Chill patterns, prints and 
small miscellaneous patterns are ideal for this type of 
operation. The only slight disadvantage is that the 
castings require sanding or machining on the cope 
side. 

This method is very fast and surprisingly accurate. 
A number of small sand molds are rammed up. A 
coating of plaster is then sprayed on the mold using 
45 psi pressure. This forms a protective coat between 
the wet sand and the resin. Two coats of blue mold 
release are sprayed on the molds and allowed to dry, 
and the molds are ready for casting. 

The molds are filled with No. 300 casting resin, 
and laminated with fiber-glass cloth for strength. The 
resin is allowed to cure overnight, sand is scraped 
off, and the castings washed in water. If a sufficient 
number of coats of mold release are added the re- 
lease may be peeled off the plastic. (Mold release is 
soluble in water.) 

This undoubtedly is the fastest process for reproduc- 
ing small patterns accurately to size, that has been 
used in the author’s plant to date. 


Casts 

During the past year the cost of new patterns for 
production machine work has been substantially re- 
duced. Plastic patterns and core boxes have been in 
service for a sufficient length of time to evaluate their 
life. 

The following points indicate a substantial saving 
with plastic compared with metal equipment. 








p 





H. A. BurTON 


TABLE 1 — COMPARATIVE TIME AND MATERIAL 
PATTERN Costs* 








Metal Plastic 
Direct Direct Approx. 
Labor, Labor, Total 


Material hr Material hr Savings 





Side Frame $280.00 600 $488.00 150 $1142.00 
Pattern (aluminum) 


Side Frame 39.00 60 70.00 11 116.00 
Core Box A 

Core Box B 17.00 31 30.00 q 53.00 
Core Box C 10.00 16 14.00 6 26.00 
One Intricate 100.80 450 11.20 50 1289.00 
Pattern (brass) 


Total savings for 5 pieces... .$2626.00 
*Master patterns not included in these costs. 





1) A considerable reduction in cutting and grinding 
tools in the pattern shop. 

2) Cost of some plastic patterns reduced to as much 
as one-eighth the cost of metal equipment. 


3) Very fast production of patterns to size. 


1) Economic maintenance due to the fast and easy 
method of repair and build up. 


It should also be mentioned here that where simple 
shapes and block patterns are concerned, it is un- 
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likely that plastic will show to advantage. The more 
intricate the contours become, the more advantageous 
becomes the use of plastic. 

Table 1 shows some comparisons of material and 
time on five pieces of pattern equipment previously 
made in metal, and recently reproduced in plastic in 
our shop. 


Conclusions 


There is a very definite place in the foundries to- 
day for reinforced plastic patterns and core boxes. 
New patterns and core boxes at the author’s plant are 
now almost exclusively produced as plastic equip- 
ment. 

This change-over has given results in reduced pat- 
tern shop cost, both in labor and machine tools. Bet- 
ter cores are obtained with less draft, and truer to 
size. Less rapping of boxes has also meant reduced 
pattern shop maintenance work. Some patterns and 
boxes have been in service for upward of 75,000 
cores, with excellent results as to wear and service. 

New methods and new plastic materials are forth- 
coming at an ever-increasing rate. It is essential that 
the personnel concerned keep pace with these new 
developments. To master this new technique requires 
an entirely new outlook in patternmaking, that may 
only be gained by actual experience. 








STATISTICAL TECHNIQUES FOR THE ATTAINMENT OF 
OPTIMUM PROCESSING CONDITIONS 


By 


Alfred M. Schneider* 


Large numbers of applied scientists, largely chem- 
ists, chemical engineers and metallurgists are pres- 
ently occupied in the quest of attaining the summit of 
operating efficiency of some industrial process. In 
most cases this calls for a great deal of development- 
type research in a laboratory or pilot plant, and 
eventually after some considerable effort to “sell” 
this to management, a full-scale plant experiment. 
Many arguments have been advanced to show how 
statistically designed experiments help in the econ- 
omy of experimental work, in the interpretation of 
the results and in supplying a probability basis for 
the conclusions. All of these arguments apply even 
more potently when the equipment and location of 
the experiment is a complete plant unit. 

In the last five years some new techniques in sta- 
tistical designs have been developed which lend them- 
selves particularly well to such applications. Using 
the concepts of analytical geometry, rather simple 
Statistics enable us to analyze and plot multifactor 
systems, and so help us to understand the interplay 
of those factors determining a measure of efficiency. 
The technique is known as Response-surface fitting 
and is due to G. E. P. Box.!:2 The subject is treated 
at length, and with several good examples in the text 
edited by Davies.? In this paper only the basic con- 
cepts will be discussed. 

Before we can discuss plant-scale experimentation 
from 2 point of view of optimization we must deal 
with a very important preliminary problem confront- 
ing the investigator. He must select the relevant fac- 
tors for experimentation from a large collection of 
personal prejudices and folklore. 

There would appear to be a number of plausible 
approaches. One can analyze existing plant records.+4 
This is a tedious task and only very rarely rewarding. 
With the aid of modern electronic computers it is 
no longer impossible, but even computer time is usu- 
ally quite expensive. Past production changes, being 
the work of profit-bent management, are never ran- 
dom, and production records are subject to the gross- 
est inaccuracies. Still, with luck and judicious selec- 
tion of the most reliable measurements, some suc- 
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cess is possible. As in the case of surface fitting, the 
analytical technique here is regression analysis and 
there is still a further choice in procedure; one may 
start with an all-comprehensive model and reduce it 
to the most meaningful form as one goes along, or 
one may start with several very simple models and 
expand the most promising, term by term. 

A better technique than the foregoing consists of 
generating new plant records. This will yield much 
less numerous data but will make up for lack in 
quantity by its greater reliability. Foremen acquainted 
with the process can be asked to keep the records, 
additional recording instruments can be employed 
and the development personnel will soon discover that 
some regular plant data had previously been recorded 
once a day for all three shifts. As little as three 
months’ carefully observed data, annotated to indi- 
cate intentional changes of procedure called for by 
operating contingencies, will almost certainly be a 
more fruitful source of information than 15 annuals 
of production logs. 

There are also experimental methods for indentify- 
ing the important factors. The most important are 
the highly fractionated 2-level factorial experiments.® 
Without going into details, these are designs which 
will test the importance of numerous factors and 
their pairwise interdependencies—the two-factor in- 
teractions—in a very efficient manner. Thus, one 
can test as many as 6 factors and all their 2-factor in- 
teractions in only 32 experiments (26-1), or 8 factors 
in 64 experiments (25-2), or 11 factors in 128 experi- 
ments (211-4). These methods are vertible bargains 
in terms of useful information per number of experi- 
ments, but they do involve lengthy programs which 
must be pursued through their full course in a fairly 
rigid manner. Thus, while these designs have the 
virtue of succeeding when all else fails, they are diffi- 
cult to organize. 

The method of evolutionary operation, as _pro- 
posed more recently by Dr. Box, has the dual char- 
acter of being both a factor finding and an optimiz- 
ing technique. Its very promising application in the 
second field will be discussed later; in its former part 
however, its speed of “convergence” regrettably bears 
out the analogy of its name. We can best summarize 
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by saying that a combination of all these methods 
will usually supply us with the most important 
factors and we may properly assume tha* the credit 
which comes with the first improvements will enable 
us to repeat our search in more detail. Assuming 
then, that we have some knowledge of the important 
factors affecting a process, we will now discuss the 
basic concepts of response-surface fitting and evolu- 
tionary operation as two methods of experimental 
optuumization. 


Geometrical Considerations of Regression Analysis 


If we consider a system of one isolated factor which 
in some quantitative way affects our response, we 
may write this as 


y = f (x) 


where x is a measure of the quantity of a reagent 
used for a treatment and y the recovery of the prod- 
uct after the treatment or simply the cash profit of 
this operation. A proporional relation such as 


y = bx 


would then mean that we may expect a recovery or 
profit y, proportional to the quantity x of reagent 
expended. We can represent this state of affairs graph- 
ically as a straight line through the origin of a plot 
of y against x. If we expand the model to the form 


y = bo + byxy 


we would expect our response to be further increased 
or decreased by a constant amount bo, the positive or 
negative intercept on the y axis. Should we wish to 
calculate the numerical values of bg and b,, we know 
from elementary analytical geometry that we need 
two equations, i.e., two sets of x/y values. If we have 
more than two sets of data and they do not fall on 
the same line, we are able to employ the principle 
of least squares to calculate best estimates of bo 
and b,, best being in the sense of minimizing the sum 
of the squares of the residuals, i.e., } (y observed-y cal- 
culated)?. This general concept holds for all purely 
additive models. We may, for instance, consider more 
than one variable, as in the model. 


y = bo + b,x, + Doxe 


in which we now suppose that the response y is 
affected by two factors according to the magnitudes 
and signs of their coefficients. Engineers usually dem- 
onstrate this graphically by plotting y against one 
of the x’s at several separate levels of the other x 
factor (Fig. la) but we shall use a response-contour 
representation as, for instance, used in isobars or iso- 
therms (Fig. 2b). This method requires us to inter- 
polate between y-contours to obtain the response for 
a given set of x values, but makes it easier to visualize 
response surfaces when we reach three or more dimen- 
sions. Reverting once more to analytical geometry, we 
recall that we can obtain the plots of the various 
conic sections, such as parabolas, hyperbolas or 
ellipses from equations involving second order square 
or product terms, Thus, if we plotted the model 


¥ = bo + byxXy + boxe + by 1X1? + bax? + byoxyXe 
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we might obtain a contour system similar to one of 
the examples in Figs. 2a to 2d. 

We note that Fig. 2a shows a concentric set of 
ellipses with a unique point of maximum or mini- 
mum response at its center. Figure 2b demonstrates 
the opposite configuration of contour lines; it is a 
“saddlepoint”, a system in which a point is simul- 
taneously a maximum along one of its (canonical) 
axes and a minimum along the other. Figures 2c and 
d demonstrate what happens if the ellipse in Fig. 2a 
is elongated; in 2c there is now no real maximum 
within the area of the plot, but a ridge system, the 
crest of which defines a locus of maximal responses. 
In Fig. 2d one canonical axis is now infinitely long, 
yielding a stationary ridge system. Its crest is now the 
locus of a single maximum value, attainable in an 
infinite number of different combinations of the two 
variables. It will be noted that the plot actually 
represents a linear trend in one direction and a 
quadratic trend perpendicular to it. 


Statistical Concepts of Regression Analysis 


We have seen that the model is the real basis for 
the regression analysis. As soon as we have decided 
on the nature of the model, and provided that we have 
sufficient excess of data over unknowns, we can “fit” 
the model by the method of least squares. We thereby 
obtain estimates of the coefficients and contributions 
to the total variability in terms of sums of squares. 
The coefficients will indicate the size and sign of the 
effect, while the sums of squares terms will measure 
the relative importance of the various terms in the 
regression.7 In this context the term surface-fitting, 
as a special kind of regression analysis becomes mean- 
ingful. If the data were originally generated at ran- 
domly associated coordinates, as would be the case 
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in the analysis of plant records, mentioned earlier, 
the magnitudes of the various sums of squares terms 
would not be independent of the order of the terms 
in the model. Moreover, the density of information 
would be uneven over the experimental space and 
give rise to complex confidence patterns. Surface-fit- 
ting might thus be defined as the art of designing 
experiments to derive a maximum amount of infor- 
mation from regression analysis.8-9.10 

There are basically three important characteristics 
which are desirable in response surface designs. They 
are orthogonality, which allows independent estima- 
tion of the effects of all the terms in the model; rota- 
tability, which assures uniform information density in 
all directions and blocking, by means of which we are 
able to break up lengthy series of experiments into 
smaller subsets with a gain in precision. The condi- 
tions under which given configurations satisfy some 
or all of these characteristics is unfortunately some- 
what complex and the reader is advised to consult the 
references for designs appropriate to his require- 
ments.§-9.19.11 In this connection we must further 
bear in mind that while designs with all factors at 
two levels will be adequate for first order models, i.e., 
models containing only first powers of the independ- 
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ent variables, at least three separate levels will be 
necessary to estimate second order terms, such as x°. 

Some of the most popular designs are shown in 
the following figures. 


2 Factors, first order: 

The 2? factorial (Fig. 3) on the triangular array 
(Fig. 4) . 

2 Factors, second order: 


Arrays in most regular figures of more than four 
sides, for instance, the regular pentagon (Fig. 5), hex- 
agon (Fig. 6) or octagon (Fig. 7), plus in each case 
a given number of points at the center of the con- 
figuration. 


3 or more Factors, first order: 


The full, or fractional factorial (Fig. 8), or the 
regular tetrahedron in 3 or more dimensions (Fig. 9) . 


(Note: In some dimensionalities the regular tetrahedron will 
itself be a fractional factorial.) 


3 or more Factors, second order: 


The “central composite”, (Fig. 10), or the “non-cen- 
tral composite,” (Fig. 11). 

The actual mathematical computations involved in 
evaluating the coefficients are the usual least square 
procedures. The availability of inverse matrices for 
most of the standard designs reduces the amount of 
labor very considerably. For this reason, as well as 
for the benefit of orthogonality, it is important that 
experimental design conditions be met as accurately 
as possible. 

One further theoretical aspect worth mentioning 
is the process of scaling. To simplify calculations, 
the levels of the independent variables should be 
transformed to an arbitrary scale of integers, such as 
—1, 0, 1, etc. Linear, logarithmic and reciprocal trans- 
formations are all useful for this purpose, depending 
upon the nature of the variable. 


Technique of Operation 

The procedure is essentially sequential. A small 
first order design is run and the coefficients evalu- 
ated. If the residual sum of squares is reasonably 
small, the first order model may be considered a 
good approximation of the system. The magnitude 
and signs of the coefficients will indicate the direc- 
tion in which the response will show a maximum in- 
crease. Experiments are then run at points of increas- 
ing predicted response until a maximum is passed. 
When this happens, the coordinates of the maximum 
point are incorporated into a new first order design 
and a new path of “steepest ascent” predicted and 
explored. 

The procedure is repeated until a linear model 
fails as an adequate representation of the system. 
This is equivalent to detecting excessive curvature. 
A new second order design, or appropriate augmenta- 
tion of the existing experimental data, will then yield 
a second order surface, and that in turn a good repre- 
sentation of the response in the general area of its 
maximum. The full sequence of operations for a two- 
variable system is demonstrated in Fig. 12. The three 
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points at K gave the first direction of “steepest as- 
cent”. Experiments at L, M and N indicated that M 
was a maximum. Augmentation at M yielded the new 
line, on which experiments P, Q, R and S showed a 
new maximum in the region Q-R. 

A new first order model fit on points Q, R and T 
indicated too much curvature for a linear model. At 
this point, the experimenter has the choice of laying 
down a new second order design in the general area 
of the maximum, or to further augment the data 
available from that area. Unless the cost of experi- 
mentation is prohibitive, the first course will be the 
more convenient; both courses will provide a second 
order equation from which constant response con- 
tours can be calculated. In this particular instance the 
conclusion would be that there is some latitude in the 
choice of x; x, combinations yielding an efficiency 
of 92 per cent or better. 

In process development work it is often the case 
that the operation is restricted to narrow ranges of 
the important variables. In this case, or if the system 
is already known to be close to its optimum, one 
would normally commence with a second order de- 
sign right away. However, even in that case it is 
advisable to work sequentially, i.e., first run, and an- 
alyze, the first order subset contained in every sec- 
ond order design. All the examples quoted so far 
have had only two independent variables. The de- 
signs and the procedure for a larger number of vari- 
ables is similar; the interpretation of the results is, 
however, likely to be more difficult. This can be alle- 
viated by a “canonical reduction” which is the mathe- 
matical operation of rotation and translation of the 
axes of the conic. By a series of matrix multiplica- 
tions, for which it is best to refer to Reference 3, the 
second order equation 

¥ = bo + byxy + boxe + bgxg + by1X1? + bggXo? + bggxg? + 

byoX1X2 + bygX1X3 + DogXoXxg 
is transformed into the characteristic conic equation 
y — Yo = B,X,2 + BoXo2 + BgX,2. 


The new coefficients B,, By, Bs, etc., now describe 
the geometric configuration of the contour lines, 
while Yo is the best estimate of y at the center of the 
system. 

We have now seen how we may find a second order 
polynomial which generates the desired response sur- 
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face. We can also do this simultaneously for several 
responses to the same system. If we then use appropri- 
ate statistical techniques,12 we may use the mapping 
of the several responses to find suitable compromises 
between competing requirements, or the optimum 
set of conditions for one response under some oper- 
ational restriction on some other, Still anther use of 
response surface contours to which reference might 
be made is their value in elucidating the real physical 
mechanisms underlying a chemical process.13.14 


Evolutionary Operation 


To expand on the introductory remarks on this 
subject, it must first be emphasized that this was not 
conceived as an experimental procedure, but rather 
as a mode of operating a plant. G. E. P. Box draws 
the analogy to genetic evolution: given sufficient na- 
tural variability, a species improves through the in- 
creased viability of some small fraction of the vari- 
ants. The experimental procedure of the scheme is 
actually an extension of the data collecting process 
suggested earlier in this paper. The most serious 
objection to that method, the reliance on random 
variability, which only rarely includes large changes 
in several variables, is avoided by arranging for a sim- 
ple pattern of factorial changes in two or three fac- 
tors to be pulsed through the system. Since the nor- 
mal unpérturbed variability of the system should be 
known, steps may be taken to minimize its effect. If, 
for instance, a three-shift cycle is suspected, each fac- 
tor combination can be run through a full back- 
ground cycle every time. If the system has a high 
“auto-correlation,” i.e., it has a long memory, return 
to a centerpoint in the factor space would overcome 
this difficulty. Linear trends may be corrected for by 
alternately reversing the sequence; finally for a com- 
pletely random background all arrangements of the 
sequence are equally good and the most convenient 
can be run. The actual changes in the levels of the 
factors should be sufficiently small to rule out serious 
losses in production. 

Here, then, is the philosophy of the technique. The 
experimental procedure is cheap in running cost and 
cheap in technical manpower. A large number of cy- 
cles are run before the data are analyzed, the analysis 
in turn is simplified by the amount of data. A small 
panel of operating engineers, development scientists 
and industrial statisticians can simultaneously super- 
vise many such programs and act upon them as they 
mature. Conceptually, the process does not stop, but 
continues as improvements are written into the 
operating procedure. 


Summing up, we can say that the sequential tech- 
niques described are useful tools, with applications 
under diverse conditions. Like most statistical proced- 
ures, an appreciation of the basic assumptions is im- 
portant to the understanding of the limitations of the 
conclusions. These could not easily be dealt with in 
the present frame and the author would recommend 
some study of the references quoted at the end of this 
paper to anyone actively interested in applying the 
methods. Finally, it must be emphasized that these 
procedures are not short-cuts for laboratory work, but 
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in fact, perform best when sufficient laboratory work 
has been done for the general picture of the process 
to be familiar. 
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METAL CORE BOX EQUIPMENT 


By 


W. E. Mason* 


Introduction 

There are many varied approaches to the making 
of metal pattern equipment. The methods and pro- 
cedures described here are not the only way to do 
this job, but rather it is, we believe, the most ac- 
curate and economical way to make metal core box 
equipment for our class of work. The core box equip- 
ment we are going to discuss is rather an intricate 
one, but the procedures used in making the metal 
blow core box equipment for it are basic. These pro- 
cedures can be used in making almost any kind of 
metal core box equipment. 


Reasons for Expenditure 

The prime reasons for spending the necessary 
money to make metal pattern equipment are: 1) To 
reduce manufacturing costs, and 2) to increase pro- 
duction. 

Until recently the only plants that used production 
metal pattern equipment to any extent were the 
larger producers of castings such as the automotive 
shops, farm implement companies, the electric in- 
dustry, and other production foundries. Today, with 
high labor costs, it is becoming increasingly evident 
that if foundries are going to compete with fabrica- 
tion, the plastics industry, etc., they must produce 
castings that are more dimensionally accurate than 
ever before, and cost less to produce. This demands 
accurate and well planned metal pattern equipment 
that can be worked on molding machines and core 
blowers. Only metal equipment will take the con- 
tinuous hard wear and still produce acceptable cast- 
ings at a minimum cost. 


Valve Body for Demonstration 

The valve body referred to in this paper has been 
purposely selected to demonstrate that no matter 
how many cores a casting might contain, each should 
be treated as an individual problem. The core box 
equipment should be designed to make the core as 
accurately and cheaply as possible. If this principle 
is applied to all the cores, the end result will be a 
set of cores that will produce an accurate casting at a 
minimum cost. The operations procedure presented 
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here for one core is the one followed for each of 
the 27 port cores in the casting. 

Figure 1 gives some idea of the number of cores 
in the casting. The cores are jigged together and 
held by the plate cores into which they are assem- 
bled. By assembling them in the coreroom in this 
manner, proper location of the outlets is assured. 
Visual inspection will show whether or not the nec- 
essary metal walls are between each core. Since the 
valve casting that contains these cores is about 10 in. 
sq and weighs only about 45 lb, accuracy in making 
the master pattern equipment is important. 

The metal walls between the cores must be of the 
proper thickness; the port openings must be in the 
proper location. To attain this accuracy and be able 
to check the cores as the job progresses, the wood 
patternmaker makes what is known as a core stick. 
A core stick (Fig. 2) is the exact reproduction of the 
core in wood with the core prints added. Double 





Fig. 1 — Cores for the valve body casting are jigged together 
and held by plate cores into which they are assembled. 
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shrinkage is used in making the stick to allow for 
the shrinkage in the casting of the metal core box. 
A good grade of dry pattern lumber should be used 
in making the core stick to maintain dimensional 
stability. 

An extra amount of draft should be added to the 
core stick, because of the shrinkage that occurs when 
casting core boxes. Additional draft may save con- 
siderable time in the metal pattern shop because of 
the amount of work that may have to be done to 
assure the draft necessary in the working core boxes. 





Fig. 2 — Core stick with core prints attached and parting line 
indicated. 





Fig. 3 — Checking fixture with several core sticks in place 
gives the wood patternmaker a core-to-core check. 





Fig. 4— Core stick imbedded in match board that will de- 
termine parting line of bottom half of core box. 


METAL Core Box EQUIPMEN? 


The white line running around the core stick (Fig. 2) 
indicates the parting line of the core box. The loca- 
tion of the parting line can influence the way the 
core is vented, and can have an important bearing 
on the location of the core wires. 

Someone in the coreroom should be consulted 
when these decisions are to be made since they wiil 
have to live with the job after it is finished. Core- 
room personnel should determine the number of 
cavities they require in each box and the number of 
core driers that they will need to reach the produc- 
tion goals set. They know better than anyone else 
which kind of equipment they need to fit the ma- 
chines and which will work best in their drying 
facilities. 

All this information should be a permanent rec- 
ord, and a copy of it should follow the job as it 
moves from the wood pattern shop, to the plaster 
shop, the foundry, and the metal pattern shop. Every- 
one who has any work to perform on the job should 
know exactly how much and what kind of equipment 
he is to make. Records of this kind can eliminate a 
lot of duplications and omissions as the job is sched- 
uled through the various sections. 

The use of core sticks, in addition to being the 
most economical way of producing master core box 
equipment, has another distinct advantage. They can 
be assembled in a checking fixture as they are made. 
The pattern maker can determine by visual inspec- 
tion whether or not there are any close places in the 
metal walls, and whether the port openings are in 
their proper location. 

Figure 3 shows a checking fixture in the wood 
pattern shop with several core sticks in place. This 
method of checking gives the patternmaker a core-to- 
core check. This is important because any correc- 
tions at this point are made on the wood core stick. 
The core stick is evidence to the metal pattern shop 
that the boxes and the driers are dimensionally ac- 
curate, and that they will require a minimum amount 
of checking. 

Figure 4 shows the core stick imbedded in a match 
board that will determine the parting line of the 
bottom half of the core box. The match board is 





Fig. 5 —- The match board is prepared to receive the plaster 
of Paris. 
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Fig. 6 — Three plaster casts are 

made for the bottom and top 

halves of the core box, and the 
drier pattern. 


built around the predetermined match line, and as- 
sures a positive location for the parting line. 

The match board is prepared and ready to re- 
ceive plaster of Paris (Fig. 5). A release agent is 
applied to the core stick and the parting surface of 
the match board to prevent sticking or tearing-up 
when the plaster is removed. 

The frame and match board should be rapped or 
vibrated lightly as the liquid plaster is poured into 
it to free any air bubbles that may have formed. A 
great deal of care should be exercised in pouring the 
plaster into the frame in order to minimize the possi- 
bility of entrapping air in the plaster cast. Air in the 
cast would cause the box to become porous. This 
could entail a considerable amount of patching the 
master core box to make it draw easily in the foundry. 

There are several approved methods of casting 
master core boxes of this kind. Some shops attempt 
to lighten out the back side of the box by the use 
of wax and lightening-out blocks hung from the 
frame. In the author’s particular case it is just as 
quick and economical to cast the box solid over the 
core stick. After the plaster is dry, lay out the ribs, 
blow boxes, etc., on the back face of the box and 
rough machine out the excess plaster. Then work 


Fig. 7 — View of the two core box 
halves after being lightened out. 
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the draft on the ribs, bosses, lugs, etc. The method 
described is rather arbitrary and one that depends a 
lot upon the conditions in the shop doing the work. 

Figure’6 shows three plaster casts. The first is the 
bottom half of the core box as cast from the match 
board (Fig. 5). Two additional casts are made by 
putting a frame on top of the bottom half plaster 
cast with the core stick in place, and pouring plaster 
into it. One of these halves will be used as the top, 
or blow half, of the core box, and the other will be 
lightened out and used as a drier pattern. 

Figure 7 shows the two half boxes after being 
lightened out. The ribbing, pin lugs, and blow bosses 
can be seen in their respective positions. 

Figure 8 shows the cavity side of the core boxes 
with 4,-in. pressure wax added to the parting sur- 
faces. This provides machine finish stock for the 
metal patternmaker. The parting surfaces of the 
metal core boxes are machined to assure correct core 
dimensions from the parting of the box. This forms 
an airtight joint that will eliminate any chance of 
air bleed during the blowing operation. 

An extra plaster cast that was made for the drier 
(Fig. 9) is lightened out and ribbed, and 4,-in. 
thick pieces of wax have been added. The wax is in 
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Fig. 8 — Cavity side of the core 

boxes with \4¢-in. of pressure wax 

added to the parting surface to 
: provide machine finish stock. 


the form of pads on the parting face of the drier 
pattern. They were added to assure a uniform bear- 
ing on the core box without working the total part- 
ing area when fitting the driers. 

To make the driers easy for a man to handle, and 
to assure they will absorb as little heat as possible in 
the core ovens, the drier pattern is made as light as 
is practical. Because it is thin, the plaster drier pat- 
tern is fragile and easily broken. The drier pattern 
should be recast using some non-shrinkable metal to 
overcome this such as white metal or other low- 
temperature-melting alloy. This metal can be ob- 
tained in various melting-temperature ranges and 
with various expansion characteristics. Additional 
core sticks can be made from this material where 
gang core boxes are to be made. 


Master Core and Drier Patterns 


The master core boxes and drier patterns are 
ready to be cast in aluminum or iron, depending on 





Fig. 9 — Plaster cast made for the drier pattern. 


the particular practice in the shop making the equip- 
ment. If the cores are very large, weight will be a 
major consideration and aluminum should be used. 

The foundry should use as fine a sand as possible 
in the castings of metal boxes and driers. This will 
assure a smooth surface on the castings and require 
a minimum of clean-up time in the metal pattern 
shop. 

When casting aluminum, heads and risers should 
be added to the heavy sections to eliminate shrink 
cavities in the castings. A little time spent in the 
foundry to eliminate shrinkage can save a lot of time 
and money in the metal pattern shop. The castings 
will be free of shrinks that must be soldered and 
reworked. 

A schedule should accompany the master patterns 
to the foundry so the molder knows how many cast- 
ings to make from each pattern. Usually there is one 
casting made from the top, or blow half, of the core 
box, and two castings made from the bottom half. 
One of these bottom half castings will be used as a 
drill and fitting jib for the driers. The number of 
driers to be cast will be determined by the pro- 
duction quantities necessary. 

Figure 10 shows the core box castings after clean- 
up and partings machined to the correct dimension. 
Because of the peculiar shape of many cores, it is 
almost impossible to machine the cavities of the core 
box. This work must all be done by file, scraper, or 
rotary tools. Handwork is expensive. A good, smooth 
casting coming from the foundry can save a lot of 
time and money at this point in the making of metal 
pattern equipment. 

The completed core box is pinned together and 
positioned (Fig. 11) so that the drilled blow holes 
and blow bosses are visible. The size and location of 
the blow holes are usually a matter of shop expe- 
rience and will vary from shop to shop. This depends 


Fig. 10 — Core box castings after 
cleaning and machining partings to 
dimension. 
? 
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on the make of core blower used, and on the make- 
up of the core sand used to blow the cores. Sands 
with a great amount of cereal, oil, or bentonite will 
blow differently from those with less of these mate- 
rials. These factors should be taken into consideration 
when putting blow holes into the boxes. 

A good rule to follow in drilling blow holes is to 
make the initial drilling a minimum size because it 
is easier to drill the holes larger than to reduce the 
size by plugging and redrilling. 

The core boxes are open in a position (Fig. 12) 
so the air or screen vents are visible. These vents are 
in the core box to allow air entering the cavity, with 
the sand during blowing, to escape quickly. If a box 
is not properly vented the air will be trapped in 
some pocket of the box and sand will not be allowed 
to fill out the cavity. 

This causes a porous core, or in an extreme case, 
a core with a hole in it. Either of these conditions 
cause a burnt-in part in the casting, and it would 
not be acceptable. 


Proper Venting Is Important 

It is apparent that proper venting of blow core 
boxes is important to making blow core box equip- 
ment. There are certain obvious places where vents 
should be placed, such as deep pockets and corners 
where air will trap in the box. These vents can be 
placed in the box by patternmakers before it is given 
a trial blow. 

The final venting will be determined by trial and 
error until a sound, uniform core is obtained. Make- 
up sand is a determining factor in the number and 
the location of the vents necessary in any core box. 
It is good practice to keep vents to a minimum. This 
is not because the vents are costly, but because in the 
blowing operation they become gummy from the 
binders in the sand. Vents will finally become plugged 
entirely if they are not kept open. This is a mainte- 
nance problem in the coreroom. If vents are kept to 
a minimum in the pattern shop, it will tend to keep 
maintenance costs low. 

The core driers must be relied upon to support 
the core during transportion to the oven, and at least 
part of the drying time. Therefore, they must be 
uniform in every dimension. To attain this uniform- 
ity, the driers are fitted over a dummy made by cast- 
ing metal, plaster, or plastics in the cavity of the 
blow-half core box. This dummy is best obtained by 
pinning the half box to be used as the drill jig to the 


Fig. 13 — The drill jig with the 

dummy in place. The top half of 

the dummy is above the jig part- 
ing line. 
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blow-half core box before the vents and blow holes 
have been put into it. By drilling a hole on the 
back side of the drill jig half and using it as a 
sprue, the material used to cast the dummy can be 
poured into the complete cavity of the box. After 
separating the boxes an exact duplicate of the core 
box cavity is obtained. 

When using white metal or a substitute metal for 
casting the dummies, the core box should be heated 
to approximately 33 F so that the hot metal entering 
the box will not cause cracks. 





Fig. 11 — The completed core box pinned together and posi- 
tioned to show the drilled blow holes and blow bosses. 





Fig. 12 — Open core boxes are positioned to show the added 
air or screen vents. 











448 


The only difficulty that might be encountered in 
removing the dummy from the core box is that the 
metal in the sprue hole might cause it to stick in the 
box. The sprue metal can be drilled out to release 
the dummy. 





Fig. 14 — Several white metal dummies are shown in a fitting 
fixture for checking accuracy of work in progress. 








Fig. 15 — Core blower set up with blow half of the box at- 
tached to blow head of machine with the drier half of the core 
on the draw table. 
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The dummy is then placed in the drill jig with iis 
top half of the dummy above the parting of the 
drill jig (Fig. 13). 

Prussian blue or red lead is applied to the exposed 
part of the dummy. Drier castings are fitted to the 
dummy making certain the pads added to the drier 
pattern have a good bearing on the parting surfaces 
of the jig. A full and accurate support of the core is 
then assured. 

When completing the core box, the drill jig is 
matched and drilled from the blow half core box. The 
driers are clamped to the drill jig and drilled. This 
assures perfect alignment with the core box when the 
driers are placed on it. 


Complete Blow Core Box 

We now have a complete blow core box with 
driers to fit. The same procedure is followed for all 
the cores involved in the job. The only variations 
are the number of cavities in the boxes, the numbe 
of driers necessary etc. As the dummies are poured 
from the various boxes in the metal pattern shop, an 
added check is made on the metal walls of the cast 
ing, core opening location, and other important 
items. The dummies cast from the working core boxes 
can be put into the working core fixture. There they 
are positioned and checked in a short time. 

Figure 14 shows several white metal dummies in a 
fitting fixture. They are being used in the metal 
pattern shop as a double check on the accuracy of 
the work. The described procedure for producing 
metal blow core boxes may seem to be a long and 
expensive way of doing the job. However, metal pat- 
tern equipment is expensive so it is important that it 
be as nearly correct as possible. Any reworking after 
it is complete frequently involves greater cost than 
the original work. 

We do not believe that too much emphasis can be 
placed on getting accurate and smooth working pat- 
tern equipment out ot the pattern shop the first 
time. The expense in trying to correct the equip- 
ment if it is not right can offset the coreroom 
savings. 

It is possible that if the equipment is not worked 
accurately in the pattern shop added work and main- 
tenance will be necessary in the coreroom to make 
good cores. Savings on the blown cores may be 
greatly reduced if the equipment is kept in operation. 


Blow-in Drier Equipment 

The foregoing has dealt with metal core box 
equipment where production requirements are ex- 
pected to be reasonably high, but not high enough to 
warrant making what is known as blow-in drier 
equipment. The cores in blow-in drier equipment 
are blown directly into the drier. The drier serves 
as the bottom half of the core box. Cores can be 
made 50 per cent cheaper by this method as com- 
pared to blowing into a whole core box. This is be- 
cause of the fewer operations necessary on the oper- 
ator’s part to produce a core. 

The method used for making blow-in drier equip- 
ment is essentially the same as that for making 
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ordinary blow equipment, except that no bottom- 
half core box is necessary. To insure against parting 
bleeds, the drier casting is machined completely on 
the joint. This is an expensive operation, especially 
for core boxes with irregular partings. 

If core wires are necessary saddles to hold the 
wires in place during blowing they must be put into 
the driers at the same location. This is so that ma- 
chine-bent wires will fit the saddles without adjust- 
ment. This also applied to any core venting that 
might be necessary in the drier. Each drier is pro- 
vided with guide bushings to receive the vent rods. 

In addition to the extra pattern cost involved in 
making blow-in drier equipment, the core blower 
operator produces cores in a shorter length of time. 
If the production quantities are not large enough on 
the jobs this could mean the operator would have to 
change jobs more often in the course of a day. Too 
many setups of this kind could easily affect advan- 
tages gained in faster blowing. 

Another item that should be taken into account 
when considering blow-in drier equipment is the 
storage room necessary for the equipment when it is 
out of production. The job works faster in the core- 
room, so it is almost a must that to cut down setup 
time we make more driers than normally needed. 
The added driers take up room, and storage can be 
a major problem. 

The space necessary to store such equipment could 
be used to produce cores; therefore, it becomes ap- 
parent that planning is necessary before the decision 
is made as to what kind of metal pattern equipment 
is needed. 

Where fatigue is a factor in making cores, blow-in 
drier equipment can be a big help in coreroom pro- 
duction. If the core boxes are heavy, the blow half 
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can be fastened to the blow head of the machine 
permanently. The drier is placed and located on a 
table beneath the blow head in such a way that the 
pins will positively locate the drier to the blow half 
as it is raised into place by the draw table. 

Figure 15 shows a core blower set up with the 
blow half on the box attached to the blow head of 
the machine and the drier half of the core on the 
draw table. These machines raise the drier and, 
after it is blown, lower it to such a position that the 
operator can remove the core and drier with a min- 
imum amount of effort. 

This equipment will take the load off the core- 
maker's back. Although the equipment is more ex- 
pensive to produce, it will pay for itself in reduced 
coreroom cost and in better labor relations. 


Conclusions 


This paper has been confined almost exclusively 
to the production of metal core box equipment. This 
was because metal core box equipment involved in 
patterns is the most costly, and requires the most 
planning and checking. Making the pattern itself, in 
most cases, is a more simple operation. 

It is necessary that the core prints on the pattern 
be machined wherever possible to fit the core prints 
in the metal boxes. This will eliminate filing or rub- 
bing the cores to fit in the foundry, or will eliminate 
mold crushes due to improperly mated core prints. 

Pattern making is an extensive subject and one that 
would be hard to cover completely in one paper. 

The points covered here are those considered es- 
sential to producing good metal pattern equipment. 
Some of them are controversial, and in some in- 
stances a matter of individual shop practice and ex- 
perience. 








INVESTIGATION OF THE EFFECT OF PROCESSING 
VARIABLES ON MECHANICAL PROPERTIES 
OF PEARLITIC MALLEABLE IRON 


By 


H. H. Johnson and W. K. Bock* 


For many years, some producers of malleable iron 
modified the properties of a small tonnage of their 
production by alloying or heat treatment to produce 
“heat treated” malleable or “alloyed” malleable. This 
type of production has been marketed under company 
trade names and, while limited to only a small num- 
ber of applications, was found to develop commerci- 
ally desirable combinations of hardness and other 
mechanical properties. A new recognition of the 
merits of this type of iron has come within the past 
five or six years which has resulted in an amazing in- 
crease in the production of it under the generic term 
of “pearlitic malleable iron.” In 1956 an estimated 
135,000 tons of this material were produced, and pro- 
duction for 1957 will be still larger. 

With the acceptance of this material has come cor- 
responding requirements in most malleable shops for 
both increased production facilities and for control 
techniques that would permit the production of sev- 
eral grades of the material to develop specified prop- 
erties. Usually each shop has started with its own base 
iron and existing heat treating facilities and has 
adapted them, as far as possibie, to meet the produc- 
tion requirements and, when these were no longer 
adequate, has procured techniques and equipment 
tailored to meet the requirements for producing this 
particular type of iron. 

The result has been that a considerable variation 
exists in details of practice from shop to shop, both in 
the type of equipment used and in details of the metal- 
lurgical practices followed, and this is true of the 
three malleable shops of the authors’ company. 

Essentially, these shops all follow the same prac- 
tice for the pearlitic production which is that of an- 
nealing the hard iron (as produced for their malle- 
able production) through the first stage and cooling. 
It is then reheated, quenched in air or liquid and 
tempered to the desired hardness level. However, the 
details of this processing vary from shop to shop as 
each plant adapts its practice to the equipment avail- 
*Respectively: Director of Research and Manager of Metal- 


lurgical Research National Malleable and Steel Castings Co., 
Cleveland. 
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able and to the characteristics posed by its base iron. 
From a company viewpoint, it seemed logical to at- 
tempt to evaluate as many of the heat treating and 
processing variables as possible in an effort to de- 
termine the optimum conditions for processing the 
iron produced by each shop. 


Design of Experiment 


Consideration of the problem indicated that, since 
several processing variables are involved which may 
or may not act independently, in even the simplest 
approach it would be necessary to abandon the clas- 
sical method of experimentation where one factor is 
varied at a time and all the rest are held constant. In- 
stead, it was thought desirable to set up a “designed” 
experiment to include the variables mentioned and 
then to analyze the data by the statistical method 
known as the “analysis of variance” in order to de- 
rive the maximum amount of information from the 
experimental data. 

For a given base iron, it was thought that the fol- 
lowing variables would certainly influence the prop- 
erties of the pearlitic malleable iron produced, as 
measured by the test bar mechanical properties and 
hardness. 

1) Effect of annealing furnace atmosphere, espe- 
cially during the first stage of the anneal where the 
exposure time at the high temperature is fairly long. 
Two rather extreme conditions of atmosphere were 
produced which could be broadly designated as 
“oxidizing” and “reducing.” 

2) Effect of austenitizing temperature to which the 
iron is reheated following the first stage anneal. ‘Two 
temperatures were selected (1550 and 1650 F). 

3) Effect of quenching rate from the austenitizing 
treatment. Three quenching rates were selected to 
produce quenched hardness levels of about 550, 350, 
and 250 Brinell. 

4) Effect of tempering temperature. Three tem- 
peratures were used (1000 , 1150, and 1300 F). 

5) Effect of tempering time. Three times chosen 
were I, 2, and 4 hr at temperature. 
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6) Influence of surface conditions of the heat 
treated test bars on the mechanical properties pro- 
duced (comparing results from machined test bars 
with unmachined bars) . 

The mechanical properties considered were those 
of the usual specification, namely yield strength, ten- 
sile strength, elongation, and Brinell hardness num- 
ber. 

As an aid to the analysis of the experiment, data 
sheets were provided (Fig. 1). One sheet was pro- 
vided for each of the four mechanical properties and 
properties recorded as they were determined. 

It was apparent that of the six factors listed, 
four are concerned with the austenitizing-quenching- 
tempering step of the process and are very closely 
related, while the other two factors (effect of atmos- 
phere and surface finish of the test bars) may exert a 
different influence on the process. Accordingly, the 
tabulation was set up in the form of four blocks, as 
shown, with the atmosphere serving as one grouping 
and the surface finish furnishing another broad basis 
for comparison. The effect of the other four variables 
was then considered in each of the four blocks. 

Previous experience with investigations of this type 
on other alloys has indicated that serious mistakes can 
be made by overlooking the reactions called “inter- 
actions.” The term “interaction” is one used by the 
Statisticians to indicate that two or more factors act 
together to produce a significant result. Thus, when an 
ineraction occurs, it is not possible to talk about the 
effect of just one of the factors which entered into 
the interaction, but it can only be considered in con- 
nection with the other factor or factors of the inter- 
action. This point will be illustrated in the discussion 
of some of the interactions which were found in the 
present work. The design of experiment is such that 
these interactions can be evaluated. 


Experimental Procedure 


Since the problem is principally concerned with 
variables encountered in heat treatment, it was 
thought desirable to limit each investigation to one 
iron. Accordingly, one of the authors’ plants set up 
test bar molds to produce 450 test bars and these 
were poured from successive ladles of iron in order to 
supply as nearly uniform a lot of test bars as possible. 
(A similar investigation has since been undertaken on 
a lot of test bars from another plant.) 

After the bars were knocked off the gates, they 
were delivered to the research department where all 
of the subsequent work was performed in the inter- 
est of maintaining controlled conditions. 

The bars were first mixed thoroughly in order to 
randomize any effect of pouring or molding condi- 
tions. 

They were then given the first stage anneal in a 
controlled atmosphere furnace, where they were 
heated at 1750 F, held for 17 hr and air cooled. The 
bars were heat treated in lots of a size to be uniformly 
heated and two atmospheres were provided. 

Half of the bars were exposed to an oxidizing at- 
mosphere which was obtained merely by allowing the 
bars to generate their own atmosphere. At the end of 
the first stage, the atmosphere contained 3.5 per cent 
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carbon dioxide and 12.5 per cent oxygen, with no 
carbon monoxide. The balance of the bars was 
heated in the furnace in which charcoal was charged 
along with the test bars. At the end of the first stage, 
the atmosphere contained 13 per cent carbon dioxide, 
5.5 per cent oxygen, and no carbon monoxide. The 
unexpectedly large amount of oxygen present was, no 
doubt, due to leakage of air during the heat-treatment 
cycle. 

After the first stage was completed, the same fur- 
nace was used for the austenitizing treatment. Half of 
the bars were from the “oxidizing” treatment and 
half from the “reducing” treatment and these, in 
turn, were heated to two different temperatures (as 
previously indicated) of 1550 and 1650 F. They were 
held at temperature for 2 hours and were then 
quenched to room temperature. 

Three quenching media were used to pro 
duce three cooling rates. One third of the bars were 
quenched in oil to produce a quenched hardness 
above 550 Brinell. One third were quenched in a 
plastic solution (water plus about 0.75 per cent plas- 
tic) to give a quenching rate comparable to that 
used in the plants, which produces a quenched hard- 
ness of 300-350 Brinell. The other third were 
quenched in mild air blast which produced a hard- 
ness of about 270 Brinell. 

Three tempering temperatures (1000, 1150, and 
1300 F) and three tempering times (1, 2, and 4 hr) 
were used in combinations and this work was done 
in a Lindburgh convection type furnace. 

Two thirds of the bars were tested in the un- 
machined condition, while one third were tested after 
machining the gage length to Y4-in. diameter, re- 
sulting in the distribution of data such as is shown 
in Fig. 1. 

The data were gathered on the unmachined bars 
and analyzed before proceeding with the heat-treat- 
ing program for the bars that were to be machined. 
On the basis of this analysis, only one atmosphere 
was considered for the latter bars, as shown in the 
chart of Fig. 1. Because of the number of test bars 
that were cracked in quenching in oil from 1650 F, 
this part of the program was also deleted from the 
program for machined bars because this presented an 
operating condition that would prove impractical. 


For the analysis of the data, the statistical method 
known as the “Analysis of Variance” was used because 
this technique will point out significant or effective 
factors and interactions. Factors that are not shown 
to be significant by this method can then usually be 
discounted. It is actually a method for accounting for 
all the variation within a system. The significant fac- 
tors and interactions are then investigated to see that 
the result they show is in accordance with metallurgi- 
cal knowledge or is of practical importance. If it is 
not, then the effect or interaction must be disre- 
garded regardless of what the statistics say about it. 
Finally, the interaction or effect must be considered 
as to whether or not it is likely in view of the experi- 
mental procedure. Briefly, the analysis of data is 
accomplished by almost equal parts of statistics, metal- 
lurgical knowledge, and horse sense. 
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The techniques involved in the analysis of vari- 
ance can be found in text books on statistical meth- 
ods. An example of the application to the problem in 
hand is briefly presented in the appendix to this 
paper. 

The results of the analysis are summarized in 
Table 1 showing which factors were found to be 
statistically significant. 

It would appear that all six variable factors which 
were selected for study were found to be statistically 
significant, and that at least three interactions were 
also statistically significant and metallurgically mean- 
ingful. The following discussion has to do with an 
examination of the effects of these variables. 


Effect of Annealing Furnace Atmosphere 


One of the production variables with which the 
malleable metallurgist is always concerned has to do 
with the effect of the annealing furnace atmosphere 
on the characteristics of the annealed iron. By ana- 
logy, it was thought that the atmosphere (especially 
during the first stage of annealing) might affect the 
mechanical properties of the pearlitic malleable. As 
noted previously, two atmospheres were produced, 
which only approximated the desired conditions: 
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12.5% 0, no CO 
5.5% 0, no CO 


“Oxidizing” 
“Reducing” 


3.5% COs, 
13.0% COs, 

From the analysis of the data, the relationship be- 
tween the atmospheres described and mechanical 
properties is not significant except when the elonga- 
tion is considered, and here the relationship exists to 
a relatively weak degree. This is shown by inspection 
of the results obtained from charting the elongation 
of bars given identical heat treatments except for the 
atmosphere during the first stage anneal (Fig. 2). 
Had the elongation been the same for bars from 


TABLE |] — SIGNIFICANT FACTORS 





Yield Tensile Elongation Brinell 








Atmosphere x 
Surface x x 
Tempering temperature x x x x 
Tempering time x x x x 
Tempering time — 

tempering temperature x x x 
Quenching temperature x x 
Quenching rate x x x 
Quenching rate — 

tempering temperature x x x 
Surface — 

tempering temperature x 


NOTE: Blank space denotes no significance. 
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each heat treatment, the results would have fluctu- 
ated about the 45° line. Up to 6 per cent elongation, 
the values fall to the right of this line, indicating 
that there is a slight improvement of elongation with 
the oxidizing condition. 


Effect of Austenitizing Temperature 


Another variable in the reheating cycle which was 
found to be somewhat significant so far as the me- 
chanical properties were concerned was that of the 
austenitizing temperature. Following the first stage 
graphitization, the castings are air cooled to below 
their critical temperature and then reheated, usually 
to 1550F. Some producers use a temperature of 
1525 F, while others use 1575F or more. For the 
present investigation temperatures of 1550F and 
1650 F were chosen. 

The correlation between the yield strengths for 
bars quenched from 1550 F with comparison bars 
quenched from 1650 F is shown graphically in Fig. 3, 
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and a similar comparison for ultimate strength is 
shown in Fig. 4. As before, the 45° line is drawn io 
show the relationship that would exist if the com- 
parison values were equal. The line best representing 
the data is also drawn in and shows that the bars 
quenched from 1650 F will probably have between 
2,000 and 6,000 psi higher yield strength than those 
quenched from 1550 F (depending on the strength 
level) . Similarly, the ultimate strength may be about 
2500 psi higher when the 1650 F temperature is used. 


One difficulty encountered, however, is the fact 
that with the higher temperatures, the tendency to 
crack in the quenching operation is increased. This is 
especially true where oil is used as the quenching 
medium. With the use of air or plastic quench (plas- 
tic suspended in water), this cracking tendency is 
considerably minimized. The correlation between the 
strength level and austenitization temperature seems 
to hold equally well regardless of which of the three 
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Fig. 3 — Quenching temperature effect on yield strength. 
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quenching media were used, but the effect is some- 
what more pronounced at the higher strength levels. 
The effect of the austenitizing temperature on elon- 
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data. A curve is then drawn for each type of quench or 
quenching rate for each property. 


If the interaction were not real, the curves would 


gation and Brinell hardness is not significant. be parallel. While there is relatively little difference 


Quenching and Tempering 


Analysis of the data involving quenching rate, tem- 


pering time and tempering temperature effects, as 


in the slopes of the yield strength curves, it should be 
noted that the more rapid quenches produce the 
steeper curves. This is in accordance with the experi- 
ence with steels and, therefore, the interaction was 


accepted as real. 

The quenching rate shows a degree of significance 
also in its interaction with tempering temperature for 
the ultimate strength data, but this is due almos en- 
tirely to the values for the air quenched bars at 1000 F. 
It could well be that the low tempering temperature 
applied to bars which had been rather slowly cooled 
from the quenching temperature did not produce an 
effect comparable to higher temperatures and more 
rapidly quenched bars. This is a peculiarity of the 
experimental setup and not a general effect. There- 
fore, this interaction is discarded. 

The most practical use that can be made of such a 
chart as Fig. 5 is to consider what change in yield 
strength will occur if a change is made in tempering 
temperature of a given amount, say 100F. If oil 
quenched bars are being considered, the increase in 
tempering temperature of 100F will produce a re- 
duction in the yield strength of 12000 psi. If air 
quenched: bars are being considered, however, the 
same increase in tempering temperature will reduce 
the yield strength only 6000 psi. 


measured by the mechanical properties of the test 
bars, indicates that some of the interactions are highly 
significant and that these effects must all be consid- 
ered together. This mathematical approach is sup- 
ported by the metallurgical experience from which 
it is known that these factors all react together in 
the heat-treating process and that all have a marked 
effect on the mechanical properties produced. 

The quenching rate shows a high degree of statis- 
tical significance in its interaction with tempering 
temperature in the yield strength data, but only a 
minor degree for the tensile, elongation and Brinell. 
The next step is to investigate the interactions. 

It is possible, from the original data, to average 
out all the factors except the two under considera- 
tion at any one time, and these data can then be 
plotted to determine whether or not the interaction 
is real. This is done in Fig. 5, where the yield strength 
(actually the average yield strength) and also the 
ultimate strength are plotted as a function of temper- 
ing temperature. The two values for each point repre- 
sent the average values obtained from the tables of 
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This illustrates one fact about interactions. Obvi- 
ously, it does no good to talk about the change or 
reduction in yield strength by increasing the tem- 
pering temperature a hundred degrees, unless it is 
also stated whether we are talking about oil-quenched 
bars or air-quenched bars. 

These data also indicate the differences in level of 
the yield strength after tempering, for the three dif- 
ferent quenching rates employed. For example, the 
yield strength level for bars quenched in oil and tem- 
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Fig. 5— Yield strength and ultimate strength plotted 
as function of tempering temperature. 
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Fig. 6 — Quenching rate and tempering temperature for 
Brinell hardness. 
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pered at 1150F is about 8900 psi, while for air 
cooled bars it is about 68000 psi. In contrast to this 
spread of 21000 psi shown by the yield strength, the 
corresponding tensile strength shows a spread of only 
about 2000 psi. 

Examination of the corresponding interaction of 
quenching rate and tempering temperature for the 
Brinell hardness (shown graphically in Fig. 6) indi- 
cates a spread of some ten Brinell hardness numbers 
for these bars at 1150 F, and this small spread agrees 
closely with the small spread of tensile strengths. How- 
ever, it does not explain the considerable differences 
noted in the yield values. 

The interaction is statistically significant and me- 
tallurgically meaningful, although the most of the 
significance comes from the values obtained at 1006° 
tempering temperature (as was the case with the 
yield strength). (Incidentally, the average as quenched 
hardness levels produced by the three quencing rates 
are also indicated on Fig. 6, to better visualize the 
changes in hardness of the material during the temper- 
ing operations.) 

The relationship between yield strength and Brin- 
ell hardness for individual test bars, as affected by the 
quenching rate, are shown in Fig. 7, and for ultimate 
strength and Brinell hardness in Fig. 8. Again, the 
effect of quenching rate on yield strength at a given 
hardness level is shown to be quite significant, while 
there is no corresponding effect for the tensile strength 
relationship. 

The interaction of quenching rate and tempering 
temperature for the elongation data is also significant 
and is of the type shown in Fig. 9. This interaction 
results from the rate of change in elongation of the 
oil-quenched bars compared with that of the bars 
quenched at slower rates. In other words, the oil- 
quenched bars exhibit somewhat less ductility after 
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Fig. 7 — Relationship between yield strength and Brinell 
hardness as affected by quenching rate. 
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1000 F tempering than do the bars which have been 
cooled more slowly. The explanation is as noted for 
the tensile strength and the interaction is not con- 
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sidered especially significant from a practical view- 
point. 

When the interactions between tempering times 
and tempering temperatures for the several mechani- 
cal properties are considered, a very real significance 
is apparent which is supported by the metallurgical 
knowledge of the process. These relationships are dis- 
played in Fig. 10, where isothermal curves are given 
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Fig. 10— Tempering temperature—tempering time interaction. 
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of yield strength, tensile strength, and elongation as a 
function of tempering time. It can be seen that a 
change in tempering time with a relatively low tem- 
pering temperature (1000F) produces little change 
in any of the three properties, while a similar change 
in time in a higher temperature tempering treatment 
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produces considerable change in all of them and the 
rate of change is related to the temperature. 

A similar relationship is shown for these same fac- 
tors in Fig. 11, where isochronous curves are given 
which relate yield strength, tensile strength, and elon- 
gation as a function of tempering temperature. Here, 
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Fig. 12 — Tempering temperature — tempering time inter- 
action for Brinell hardness. 


action for yield strength, tensile strength and elongation. 
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Fig. 13 — Yield strength — test bar surface relationship. 
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again, the effect of tempering temperature is related 
to the length of time of the tempering treatment, the 
longer treatments producing more effect for a given 
‘emperature than shorter ones as would be expected, 
with the magnitude of the effects increasing with in- 
creasing temperatures. 

The interaction between tempering temperatures 
and time for Brinell hardness is shown in Fig. 12, and 
indicates that the rate of change of Brinell per unit of 
time increases with an increase in temperature. 

A further study of the data for tensile strength 
shows that the interaction involving quenching rate, 
tempering temperature, and tempering time is mathe- 
matically significant. Such an interaction (called a 
second-order interaction) is usually regarded with 
some suspicion by statisticians because of the chance 
of a freak result in the higher order interactions. It is 
also disliked by the metallurgist, because it involves a 
very complicated interpretation. The production man 
would dislike such an interaction because it gives him 
so many things to control at one time. 

None of these reasons is really enough to disre- 
gard such an interaction, although this is sometimes 
done. In the present instance, a breakdown analysis 
was made. Separate analyses of variance were made 
for the oil-quenched bars, plastic-quenched bars, and 
air-quenched bars. The results of these breakdown 
analyses did not indicate enough difference to make 
us think that the interaction in question was real and, 
therefore, it has been discarded. Other second- and 
third-degree interactions were similarly examined and 
disregarded for much this same reasoning. 


Effect of Surface Conditions 


One other processing variable considered was that 
of the effect of the test bar surface itself on the 
mechanical properties. In the planning of the experi- 
ment, the design was split into halves on the basis of 
whether the test bars were tested in the machined 
condition or in the as cast condition (as was shown in 
Fig. 1). The machining was done to meet the alter- 
native specifications for test bars set forth in ASTM 
Specification 220-52T. 


The analysis of these results indicates that the ma- 
chined test bars exhibit higher yield and tensile 
strengths than do the corresponding unmachined bars 
which were heat treated under corresponding condi- 
tions. This is shown in Fig. 13 for the yield strength 
relationship, and in Fig. 14 for the tensile strength 
data. There is considerable scatter in the relationship 
of the individual yield strength values, but the gen- 
eral level is about 3000 psi higher for bars with 
machined surfaces than for the unmachined bars and 
this relationship seems to prevail regardless of strength 
level. 

The corresponding relationships for tensile strength 
data indicate that the surface effect is much more 
pronounced at the higher strength levels than at the 
lower levels. Thus, at a level of 80,000 psi, the ma- 
chined bars show about the same strengths as the un- 
machined bars, but at a level of 110,000 psi for the 
unmachined bars, the machined bars may reach a 
level of 117,000 psi, which is quite significant. 
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A surface-tempering temperature interaction is sta- 
tistically significant (as listed in Table 1) and average 
values for the data are plotted in Fig. 15. These 
curves indicate the same sort of relationship that has 
just been discussed. Here, the effect of tempering 
temperature is, of course, to lower the hardness level 
and the strength level, and the change in level for the 
machined bars occurs at a different rate than for the 
unmachined bars. 

It may be surprising that the surface is not listed 
as a significant factor in elongation. As a check, how- 
ever, the elongation of machined bars was plotted 
against the elongation of the corresponding unma- 
chined bars and the indication is that the points are 
fairly evenly distributed about the 45° line. 

These observations would seem to indicate that 
machined bars are preferable when checking the 
higher strength pearlitic malleables and may or may 
not exhibit better properties at the lower strengths. 
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Fig. 14 — Tensile strength — test bar surface relationship. 
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Summary 


1) This investigation was initiated to measure the 
effect of several processing variables in the produc- 
tion of pearlitic malleable iron, following the gen- 
eral practices used by the malleable shops of the 
authors’ company. Because of the close interrelation- 
ship between the variables under consideration, the 
“designed experiment” approach was indicated. The 
analysis of the data by the statistical technique “an- 
alysis of variance” has been applied in order to de- 
termine the significant reactions as measured by the 
mechanical properties of the test bars. Metallurgical 
criteria were then used to determine their applicabil- 
ity to shop practice. 

This approach seems to have had considerable mer- 
it both (a) from the viewpoint of obtaining the 
maximum amount of information from the least 
amount of experimentation, and (b) from the view- 
point of analyzing the data most completely. In this 
way, the interactions of the several variables were 


TasLe 1A — YIELD STRENGTH OF UNMACHINED Bars 











Atmosphere Oxidizing Reducing 
Quencht Oil Plastic* Air Oil MHannite Air 
Tempering 


Temper- Time, 
ature,F hr 


1000 1 109000 86500 76500 103500 98500 76000 
112500 92000 73000 113000 101000 80500 

2 100500 80500 74500 97500 82500 78500 

113000 88000 74500 114500 93000 73500 

4 89000 82000 71500 106000 89500 84000 

109500 89000 74500 110000 89500 78000 





1150 1 86500 80500. 74500 94000 76500 74000 
90500 81500 68500 94500 74000 69500 

2 90000 78500 64500 91500 76000 69000 

86500 72000 61000 85500 78000 65000 

4 84500 66000 62000 86600 70500 63500 

85000 73000 58500 86600 77500 68500 

1300 1 75000 70500 59500 75000 66000 62000 


77000 65500 61000 75500 71500 62500 
2 70000 66000 53000 72000 65500 54500 
68500 66000 56000 69000 63500 55000 
4 60000 59000 53000 62500 56500 53000 
57500 59000 51000 59000 59000 48000 


7All bars quenched from 1550° 
*A suspension of plastic material in water 
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determined and their significance measured, in addi- 
tion to the direct correlations that were observed. 

2) Correlations and interactions between quench- 
ing rate, tempering temperature and quenching time 
have been shown to be highly significant from the 
Statistical viewpoint and meaningful from the metal- 
lurgical viewpoint. The observations are sufficiently 
quantitative to permit an evaluation of these factors. 
Especially significant is the effect of quenching rate 
on the yield strength values. 

3) The effects of surface condition of the test bars 
on their mechanical properties has been found signifi- 
cant and meaningful, especially for tensile strength 
at high strength levels. 

4) The weaker significance of the furnace atmos- 
pheres and austenitizing temperatures has been ob- 
served and discussed. 
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APPENDIX 
METHOD FOR ANALYSIS OF VARIANCE 


Analysis of Variance is a technique which reduces 
the almost impossible task of studying a large mass of 
data to a system. It does what the name suggests. In 
any body of data, values range between some limits. 
For example, in Table 1A, the yield strengths go from 
48,000 psi to 114,500 psi, with an average of 76,700 
psi. We want to know what caused this variation. 

At first glance, it would seem that one should con- 
sider the difference between each reading and the 
mean. However, there are technical reasons why the 
square of the difference should be used. Anyone who 
has used standard deviations will recognize this point. 

By squaring the entries in Table 1A (and subtract- 
ing a correction factor) , we can get the total variance 
by finally dividing the sum of squares by the number 
of entries less one. The correction factor is the square 


TaBLe 2A — ANALYsIS OF VARIANCE — YIELD STRENGTH — UNMACHINED BARS 








Sum of Degree of Mean 
Effects and Interactions Squares Freedom Square F 
Atmosphere 11511 1 11511 6.84 
Quenching rate 840917 2 420459 249.95° 
Tempering temperature 1409806 2 704803 418.98* 
Tempering time 107100 2 “53550 31.83* 
Atmosphere — quenching rate 498 2 249 0.15 
Atmosphere — tempering time 6909 2 $455 2.05 
Atmosphere — tempering temperature 2839 2 1415 0.84 
Quenching rate — tempering temperature 100988 4 25249 15.01* 
Quenching rate — tempering time 5765 4 1191 0.71 
Tempering temperature — tempering time 22618 4 5655 3.36° 
Atmosphere — quenching rate — tempering temperature 4147 4 1037 0.62 
Atmosphere — quenching rate — tempering time 712 4 178 0.11 
Atmosphere — tempering temperature — tempering time 3968 4 992 0.59 
Quenching rate — tempering temperature — tempering time 13687 8 1711 1.02 
Atmosphere — quenching rate — tempering temperature — tempering time 15361 8 1920 1.14 
Experimental Error 90838 54 1682 

Total 2637664 107 


*Statistically significant 
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of the total of all entries in the table divided by the 
number of entries. 

These values are entered at the bottom of the analy- 
sis of variance table (Table 2A of appendix) . 

Now the analysis of variance really starts. We know 
the total variance of the data in Table 1A and we 
need to split it up into parts assigned to various causes. 

For example, how much of the spread of values is 
due to tempering temperature. We add all the values 
in Table IA, which were obtained at 1000° regardless 
of whatever else had been done to the bars. Similarly, 
we add up the figures for 1150° and for 1300° temper- 
ing treatments. 

These values are listed in Table 3A. The values are 
squared and the squares added. The sum of squares is 
divided by the number of yield points (36) used to 
get each entry of Table 3A. The correction factor is 
subtracted and the result is entered as sum of squares 
due to tempering temperature in Table 3A. 

Similar procedures are followed for all the other 
single effects. 

In the Table, the number of degrees of freedom 
are the number of levels of the factor, minus one. 

Next, consideration is given to the first order inter- 
actions. Take as an example the tempering time— 
tempering temperature interaction. 

Again using the data of Table 1A and adding values 
in a way analogous to that described above for Ta- 
ble 3A. The result is Table 4A. 

The values are squared and the squares summed 
and the sum is handled as was done above. 

One further manipulation is performed before the 
sum of squares is ready for Table 3A. The separate 
effects of time and temperature must be removed so 
that only the interaction effect is shown. This is done 
by subtracting the sum of squares of the main effects. 
The difference is entered as the sum of sources in 
Table 3A. 

The degrees of freedom are the product of the de- 
grees of freedom of the separate main effects. 

We proceed in this way for all the other interac- 
tions. The sum of squares of all higher order interac- 
tions must have the effect of all main factors involved 
removed and also the effects of all the lower order 
interactions contained in the higher order interaction. 

When all the entries for effects and interactions 
have been put in the analysis of variance table, the 
error term is what is left of the total mean squares, 
The degrees of freedom are found by difference. 

The variance or mean square is simply the sum of 
squares divided by the degrees of freedom. 

The variance due to the error represents the spread 
in the data of table IA due to unavoidable differ- 
ences in production, processing and testing. 
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TABLE 3A 
Temperature, F Sum 
NESS aeierar 3,265,000 
Sr ee 2,764,200 
ee 2,257,500 
DN. Sovaccaacnteee 8,286,700 


Each entry 36 values. 
Sum of squares — 23,397,332,890,000 











TABLE 4A 
Temperature,F 1 hr 2 hr 4 hr 
1000 1,122,000 1,070,500 1,072,500 
1150 964,500 917,500 882,200 
1300 821,000 759,000 677,500 


Each entry 12 values. 





We compare each of the other variances with the 
experimental error. If an effect or interaction is to be 
worth consideration, the spread of results due to it 
must exceed that due to experimental error. Not only 
that, but it must exceed the error by some margin. 


The error is not a fixed quantity, but is subject to 
some variation. The same is true of the other vari- 
ances. This is the reason for the seemingly strict com- 
parison of effect or interaction with error. 


We assume that the variance due to each effect 
and interaction is really only experimental error (null 
hypothesis to the technical minded) and adopt the 
pugnacious attitude, “Show me it ain’t so!” 


The F-test can be used for this. F is the ratio of a 
variance in question to that of the error. There are 
cases where other comparisons are made, but this is 
beyond the simple outline of analysis of variance 
which we are presenting here. There are tables which 
permit us to decide whether or not the F value is 
significant; that is, whether or not the spread due to 
main effect or interaction is enough greater than that 
due to chance causes. 


There is nothing absolute about the procedure. 
The quantities involved in the comparison are all 
subject to variation and the decision on the F value 
is based on the probability of getting a value of the 
magnitude found. 


The analysis of variance won't give many bum 
steers, but it can happen. Due to the uncertainties 
involved, we have the right to question any decision 
given by the analysis. The calculations involved in 
making the analysis aid materially in such checking. 


To be worth worrying about, the effect of any fac- 
tor or interaction must be real, reasonable and large 
enough to be of practical importance. 








FRACTURE CHARACTERISTICS OF COPPER-BASE ALLOYS 


By 


N. C. Howells and E. A. Lange* 


ABSTRACT 

Fracture characteristics of fifteen Navy copper-base 
alloys have been investigated. Results of drop-weight 
tests and Charpy V tests conducted at temperatures 
between 210 F and —300F show fracture relationships 
of copper-base alloys to be different from those of steel, 
in that a Charpy V energy level of 10 ft-lb does not 
indicate a brittle condition for copper-bese alloys. 
Only a copper-base alloy with abnormally low tensile 
elongation value, less than 2 per cent, f-actured in a 
brittle manner. However, the ductility of high-tensile 
manganese bronze becomes very low at temperatures 
below —100F. The interrelationships between Charpy 
V energy, tensile elongation, and notch ductility for 
these alloys are discussed. 


Introduction 
Much attention has been given to the fracture 
characteristics of steel due to the catastrophic, brittle 
failures of steel structures. Welded ships have broken 


in two even in dock, and thick pressure vessels have 
burst during proof testing. Normal tensile tests of the 
steel used in the structures have shown the material 
to be ductile, but notch-bar impact tests have shown 
that the impact energy drops sharply with a decrease 
in testing temperature. Decrease in impact energy 
occurs for cast steel in the same manner as it does for 
rolled steel. As the impact energy of the steel de- 
creases, the fracture becomes more and more of a 
brittle nature, and when a level of 10 ft-lb is ap- 
proached the fracture is completely brittle. A typical 
Charpy V curve and a series of drop-weight plates 
that illustrate the brittle condition at the 10 ft-lb 
level for cast steel are shown in Fig. 1. 

When steels are at temperatures which correspond 
to an impact level of 10 ft-lb, they become very sen- 
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TABLE | — CHEMICAL COMPOSITION AND TENSILE PROPERTIES 





Tensile Properties 











A ; : = Yield Tensile % 
Alloy Chemical Composition (7%) Strength, Strength, Elon- 
No. Name of Alloy Cu Zn Al Sn Pb Mn Fe Ni P Si psi psi gation 
1 Gun Metal 87.2 4.6 8.2 45,600 51.0 
2 M Bronze 89.4 3.2 6.0 1.4 35,800 33.0 
3 85-5-5-5 84.3 6.0 49 1.8 27,500 16.0 
Tin Nickel Bronze 
4 Alloy No. 1 87.3 1.8 5.7 5.2 51,000 37.5 
5 Alloy No. 2 86.3 3.6 5.3 1.6 3.2 41,700 $2.5 
Phosphor Bronze 
6 Grade A 88.0 3.1 8.5 0.02 0.43 38,100 20.5 
7 Grade C 80.8 8.2 5.2 5.7 0.006 33,500 34.5 
8 Silicon Brass 80.4 14.4 4.7 25,000 72,700 12.0 
9 Silicon Bronze 94.4 0.6 4.5 12,500 38,500 34.0 
10 Low-Tensile Mn 
Bronze 57.3 39.0 i.5 15 78,800 21.0 
1] High-Tensile 
Mn Bronze 62.2 24.5 6.0 3.0 1.0 107,500 11.0 
Aluminum Bronze 
12 Class 1 87.5 9.2 3.2 25,000 76,100 $2.5 
13 Class 2 88.5 . 10.4 1.1 25,000 69,100 27.5 
14 Class 3 84.0 11.5 of 47 500 81,400 5.3 
15 Class 4 80.6 10.7 4.3 1.5 42.500 95,400 10.0 





sitive to notches because of the high local stresses 
that occur at the base of a notch. Since the steel 
fractures in a brittle manner at those temperatures 
once the smallest crack starts, this crack remains sharp 
and progresses through the material at high rates of 
speed. 

Impact-energy curves require the testing of a num- 
ber of specimens. Because Charpy V specimens are 
time consuming to machine and test only a small 
sample of metal, the NRL drop-weight test was de- 
veloped as a practical method for determining the 
temperature at which a material becomes brittle in 
the presence of a sharp crack. In the past few years 
the notch ductility of many irons and steels has been 
evaluated with this method. 1-6 

It is generally considered that the impact energy 
of brasses and bronzes do not decrease with a de- 
crease in temperature, and thus are not susceptible 
to brittle failure due to a fracture transition. It is 
recognized that the impact energy values may be dif- 
ferent for different alloys just as there is a variation 
in tensile properties. It was the aim of this investi- 
gation to determine whether the impact energy of. 
commonly used Navy brasses and bronzes decreased 
at low temperature, and whether any of the alloys 
became susceptible to brittle failure if the Charpy V 
energy value approached or fell below 10 ft-Ib. 


Procedure 

The 15 copper-base alloys used in this investigation 
are listed in Table 1 with their chemical compositions 
and tensile properties. All of the alloys except the 
high-tensile manganese bronze were cast from heats 
of virgin metal or metal from previous research heats 
having known analysis. High-tensile manganese bronze 
specimens for the various tests were cut from a large 
commercial casting. 

Seventy-pound heats of each alloy were melted in 
an induction furnace. All of the heats were vacuum 
degassed except the alloys which contained a high 
zinc content.? After the metal was degassed and 


skimmed, molds for drop-weight plates (314-in. x 
14-in. x l-in.) and keel blocks were poured. All of the 
tensile properties given in Table 1 were obtained 
from specimens 0.505 in. in diameter in the as-cast 
condition. All of the tensile bars were obtained from 
the keel blocks except the tensile bars of the high- 
tensile manganese bronze, which were obtained from 
sections of the large commercial casting. 

The drop-weight machine and a schematic draw- 
ing of the test method are shown in Fig. 2. A brittle 
weld of hard-facing aluminum bronze was placed in 
the center of the plates to form a sharp notch or 
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Fig. 2 — Drop-weight test method. 




















464 FRACTURE OF CoprER ALLoys 
TasLeE 2— Cuarpy V Impact Data 
Testing Temperature, °F 
— 305 —100 80 210 
Alloy Energy, Contrac- Energy, Contrac- Energy, Contrac- Energy, Contrac 
No. Name of Alloy ft-lb tion, % ft-lb tion, % ft-lb tion, % ft-lb tion, %, 
l Gun Metal 9.4 2.3 11 2.8 14 4.5 10.2 2.8 
2 M Bronze 18 1.75 20 8 18 3 15 2.75 
3 85-5-5-5 11 $.25 13 2.75 18 2.75 13 3.25 
Tin Nickel Bronze 
4 Alloy No. 1 14 2.25 16 15 17 3.5 22 4.75 
5 Alloy No. 2 10 1 11 0.75 9 1 10 1 
Phosphor Bronze 
§ Grade A 10 0.5 10 0.75 13 1.75 10 1.5 
7 Grade C 11 1 9 ] 9 1.5 9 1.75 
8 Silicon Brass 15.4 2.25 19.6 1.75 28 3 27.8 2.75 
9 Silicon Bronze 67.0 il 61.4 10.75 74 15.25 90.4 14.25 
10 Low-Tensile Mn 
Bronze 12.4 1.75 19.8 3 18.6 3 18.0 2.25 
lla High-Tensile 
Mn Bronze 
Heat Treated 7.4 0.5 22.8 1.25 28.4 1.5 30 1.75 
IIb High-Tensile 
Mn Bronze 
As-Cast 4 0.25 8.4 0.25 15.4 1.25 20 2.25 
Aluminum Bronze 
12 Class | 20.4 4 24.4 4.5 31 5.5 33 7.75 
13 Class 2 11.8 1.75 14.2 3.5 20 1.25 16.6 3.5 
14 Class 3 2.6 0.25 2.6 0 4 0.25 2 0.25 
15 Class 4 5.8 1 6.2 0.75 8 0.75 x 0.75 





cracklike flaw. If the material is ductile in the 
presence of this sharp notch, a crack will not initiate 
in the plate and the plate will develop a slight bend 
after testing. 
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Fig. 3—Charpy V energy values for various copper-base 
alloys at temperatures from —300F to 210 F. 


Discussion of Results 
All of the 15 alloys listed in Table 1 were initially 
tested in the drop-weight machine at room tempera- 
ture of -150 F. In no case did the sharp cracklike 
{law at the base of the brittle weld propagate to the 
edge of the plate. As the crack entered the plate 
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Fig. 4— Charpy V energy values for manganese and alumi- 
num bronzes at temperatures from —300F to 210 F. 
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proper, a slight amount of plastic deformation 
occurred which dulled the notch, and thus the high 
local stresses were decreased and the crack was 
arrested. All of the alloys maintained the ability to 
show some plastic deformation in the presence of a 
sharp notch even at a temperature of —150 F. 


After the drop-weight tests were performed, Charpy 
V bars were cut from the plates and were tested at 
temperatures between 210F and -300F. Charpy 
energy values obtained for all of the alloys are given 
in Table 2, and are shown graphically in Figs. 3 and 
4. The difference in energy scales used in Figs. 3 
and 4 should be noted when comparisons of energy 
levels are made. 


Impact Energy for Tin Bronzes 


Charpy V energies of the alloys containing tin as 
a major element and of the copper-silicon alloys are 
shown in Fig. 3. It can be seen that the impact en- 
ergies of the tin bronzes, Nos. | to 7, are fairly con- 
stant over the whole range of testing temperatures. 
Impact energies for all of the tin bronzes were fairly 
comparable in that nearly all values were between 
10 ft-lb and 20 ft-lb. This relatively low impact energy 
for the tin bronzes probably can be attributed to the 
complex, cored microstructures of these alloys. 


Impact Energy for Copper-Silicon Alloys 

Impact energy for silicon brass, No. 8 in Fig. 3, 
decreased rather uniformly from 28 ft-lb at 210F to 
15 ft-lb at -300 F. Silicon brass does not have a cored 
microstructure, which probably accounts for the im- 
pact energies being slightly higher for the silicon brass 
than for the tin bronzes. 

Silicon bronze (Navy copper-silicon alloy, Class b) , 
No. 9 in Fig. 3, had the highest impact energy of any 
of the copper-base alloys tested. Fractures of the 
Charpy bars were fibrous in appearance, similar to 
a ductile fracture of mild steel. Chemical composition 
given in Table 1 was within Navy specifications, but 
the low amounts of residual elements present prob- 
ably resulted in an alloy which was more ductile than 
would be typical for silicon bronze. Tensile properties 
reflected this in that the elongat’: : value, 34 per 
cent, was considerably above the specification mini- 
mum of 20 per cent and the tensile and yield strengths 
were slightly below the specification minimums. Mi- 
crostructure of the alloy was single-phase alpha, which 
is very ductile. Silicon bronze was the only alloy 
tested that had a completely alpha microstructure. 


Impact Energy for Manganese Bronzes 


Impact energy values for the manganese bronzes 
are shown in Fig. 4. Impact energy of high-tensile 
(H.T.) manganese bronze was more affected by a 
decrease in testing temperature than the impact en- 
ergy of any other alloy. 

Composition of the H.T. manganese bronze was 
within the Navy specifications, but the aluminum con- 
tent was on the high side. The as-cast microstructure 
showed small amounts of brittle gamma phase present 
at the grain boundaries of an all-beta matrix. To 
eliminate the effect of the gamma phase, four Charpy 
bars of the alloy were heat treated by annealing at 
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880 F and then oil quenched to eliminate the pre- 
cipitation of the gamma phase. 

Considerable improvement in impact strength from 
the heat treatment can be seen by the position of the 
curves for the quenched and the as-cast specimens 
of H.T. manganese bronze in Fig. 4. Charpy values 
at -300 F were quite low, however, for both as-cast and 
quenched specimens. The sharp drop in impact 
strength at temperatures below -100 F for both as-cast 
and quenched specimens was probably due to the low 
temperature transformation of the beta structure to a 
martensitic-type structure.s The low temperature 
transformation of beta brass is readily reversible as 
one Charpy bar of H.T. manganese bronze was cooled 
to -300 F, reheated to room temperature, and tested. 
The energy value for the cooled specimen was és- 
sentially the same as the energy value for the initial 
specimen tested at room temperature, 16 ft-lb and 15.4 
ft-lb respectively. The possibility of embrittlement of 
H.T. manganese bronze at low temperatures was in- 
vestigated, and will be discussed in a latter section. 


Impact energy of low-tensile manganese bronze 
(Fig. 4) is seen to be less affected by low tempera- 
tures. Presence of ductile alpha along with beta in 
the microstructure of these alloys probably reduces 
the effects produced by the low-temperature trans- 
formation of beta. 


Impact Energy for Aluminum Bronzes 

Microstructures of the aluminum bronzes are com- 
plex, in that alpha, beta, gamma and complexes of 
iron and nickel are usually present. Class 2, Class 3, 
and Class 4 aluminum bronze are heat treatable and 
other energy values may be obtained for these alloys 
than the as-cast values obtained for the alloys in this 
investigation. Class 1, Class 2, and Class 4 aluminum 
bronzes for this investigation had tensile properties 
well above the specification minimums, and the im- 
pact values obtained are probably typical for these 
alloys in the as-cast condition. Tensile elongation of 
the Class 3 aluminum bronze, 5.3 per cent, was below 
the specification minimum value of 12 per cent. A 
contributing factor for the low elongation from the 
standpoint of chemical composition was the absence 
of nickel to offset the rather high aluminum content. 
Data obtained for this alloy were included in this 
report because they represent an aluminum bronze 
which would be more susceptible to brittle fracture 
than a Class 3 alloy meeting the specification mini- 
mum for elongation. 

Impact values obtained for the aluminum alloys 
are given in Table 2 and are compared in Fig. 4. 
A general decrease in impact energy with decrease in 
temperature can be noted for Class 1 and Class 2 
alloys, but low levels are not reached even at -300 F. 
Appreciable quantities of ductile alpha are present 
in the microstructures of these alloys. The impact 
level of the Class 4 aluminum bronze was about 7 
ft-lb at all of the testing temperatures. The impact 
energy of Class 3 aluminum bronze shown in Fig. 4 
may be low for this alloy because of the low tensile 
ductility. Even though the impact energy of Class 
3 and Class 4 aluminum bronze was below 10 ft-lb, 
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the alloy was not brittle in the drop-weight test at a 
temperature of -150 F. The ability of these copper- 
base alloys with very low levels of impact strength to 
show plastic deformation in the presence of a sharp 
notch demonstrates that their fracture characteristics 
are notably different from the fracture characteristics 
of steels. Although an alloy with a Charpy V impact 
energy below 10 ft-lb is not exactly a tough alloy, 
material with a low sensitivity to notches requires a 
continuous application of an excessive load to cause 
a fracture to propagate. 


Special Drop-Weight Tests With 
High-Tensile Manganese Bronze 

Because the impact energy of the H.T. manganese 
bronze decreased considerably at low temperatures, 
the alloy was given special tests to determine whether 
a notch-brittle condition was reached at extremely low 
temperatures. Nonstandard drop-weight tests without 
the stop (so that the plates were free to bend and 
break) were conducted at 80F, -100F, and -300 F. 

The bend angles of the broken plates and the 
Charpy V energy at the various temperatures are 
compared in Fig. 5. It can be seen that a decrease 
in the notch ductility of the plates follows the de- 
crease in Charpy impact energy. However, even at a 
temperature of -300 F, where the Charpy energy was 
only 4 ft-lb, the plate with a sharp notch had a 
bend angle of 3 degrees. The plate without the weld 
bead had a bend of 4 degrees at -300F. Even 
though the alloy approached a brittle condition at 
-300 F, it did not become sensitive to the presence of 
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Fig. 5 — Comparison of Charpy V energy and notch ductility 
of high-tensile manganese bronze at —300 F, --100 F, and 80 F. 
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a sharp notch as do the steels at impact energy 
levels below 10 ft-lb. At room temperature, the pres- 
ence of the sharp notch also had little effect on the 
ductility of the metal. The bend angle was 21 de- 
grees for the plate with the sharp notch and 24 de- 
grees for the plate without the sharp notch. Because 
of the wide range of microstructures that can be 
obtained in alloys that are within the chemical speci- 
fication for high-tensile manganese bronze, further in- 
vestigations with other compositions than the one 
used here should be made before the alloy is con- 
sidered for use at extremely low temperatures. 


Special Tests With Aluminum Bronze 


A wide variation in microstructures and mechanical 
properties can be obtained for the aluminum bronzes 
by the use of various cooling rates after casting, 
and also various heat treatments. To determine the 
level of tensile ductility that represents a brittle con- 
dition for any alloy, various aluminum bronze plates 
were given embrittling heat treatments and were 
subsequently tested in the drop-weight machine with 
the stop. A flat fracture surface was used as a criterion 
for a brittle condition. Heat treatments, tensile prop- 
erties, and results of the drop-weight tests for the 
low ductility aluminum bronze experiments are listed 
in Table 3. 


TABLE 3— HEAT TREATMENT, TENSILE PROPERTIES 
AND Drop-WEIGHT TEsT RESULTs FoR Low DUCTILITY 
ALUMINUM BRONZE EXPERIMENTS 





Tensile Strength, Elongation, Drop Weight 
Heat Treatment* psi % Performance 





Class 4 Aluminum Bronze: 
80.2% Cu, 11.0% Al, 4.0% Fe, 46% Ni 


1600 F, W.Q., 1200 F, F.C. 92,300 0.2 Break 
1600 F, W.Q., 1200 F, A.C. — 88,900 0.4 Break 
1200 F, W.Q. 85,500 0.5 Break 


Break 


or 


1600 F, W.Q., 1600 F, A.C. 84,000 
Class 3 Aluminum Bronze: 
Heat 1: 82.4% Cu, 11.7% Al, 4.0% Fe, 1.9% Ni 
Heat 2: 84.0% Co, 11.5% Al, 4.5% Fe 


1600 F, W.Q., (Heat 2) 93,000 0.4 Break 
1600 F, A.C. 76,800 1.0 Break 
1600 F, W.Q., 1200 F, W.Q. 65,000 1.5 No Break 
1600 F, W.Q., 1100 F, W.Q. 80,800 1.7 Break 
1600 F, W.Q., 1100 F, W.Q. 74,800 22 No Break 
Class 2 Aluminum Bronze: 
87.7% Cu, 10.7% Al, 0.90% Fe, 0.26% Ni 
1600 F, W.Q., 850 F, F.C. 91,300 1.5 Break 
1600 F, W.Q., 800 F, W.Q. 84,800 1.9 No Break 
1600 F, W.Q. 83,300 2.9 No Break 
1600 F, W.Q., 900 F, W.Q. 92,500 3.0 No Break 


*Annealing and temper times were | hr, “W.Q.” refers to Water 
Quench, “O.Q.” refers to Oil Quench, “F.C.” refers to Furnace 
Cool, “A.C.” refers to Air Cool. 





No drop-weight plate of the alloys with tensile 
elongation values above 2 per cent fractured in a 
brittle manner. Two out of four plates from alloys 
having elongation values between 1.5 per cent and 
2 per cent, and all plates from alloys having elonga- 
tion values below 1.5 per cent, fractured in a brittle 
manner. These tests show that an alloy with more 
than 2 per cent elongation in a tensile test will de- 
form prior to fracturing, even in the presence of a 
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sharp cracklike flaw. The lowest minimum elongation 
value for any copper-base alloy is 5 per cent (speci- 
fication for heat-treated, Class 4 aluminum-bronze), 
which appears to be a safe limit from the standpoint 
of brittle fracture. 

Since only an aluminum-bronze alloy with ab- 
normally low tensile ductility could be ‘made to 
fracture in a brittle manner, as-cast plates of Classes 
1, 2, nd 3 aluminum-bronze were broken in the 
drop-weight machine without the stop to determine 
whether there was a relationship between notch duc- 
tility and other mechanical properties. The bend 
angles of the three plates are compared with impact 
energy and tensile elongation in Fig. 6. Figure 6 
illustrates that there is an interrelationship between 
these mechanical properties. It would appear that 
tensile elongation values can be used as a relative 
measure of the notch ductility of aluminum-bronze 
alloys. 
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Fig. 6 — Comparison of Charpy V energy, tensile elongation, 
and ductility of drop-weight plates for Class 1, Class 2, and 
Class 3 aluminum bronze. 


Notch Ductility and Tensile Ductility 

Figure 7 illustrates the relation between the notch 
ductility and the tensile ductility for all of the cop- 
per-base alloys tested. Lateral contraction values of 
the Charpy bars represent notch ductility. Lateral 
contraction values were measured in the same man- 
ner as reduction in area of tensile specimen. 

Data in Fig. 7 show that the tensile elongation 
value for any copper-base alloy is an indication of the 
amount of yielding that will precede a fracture even 
under loading conditions imposing highly con- 
centrated stresses. For a particular level of tensile 
elongation, however, the tin bronzes with a highly 


467 


cored, dendritic microstructure, and especially the 
leaded tin bronzes, tend to have lower notch ductility 
than the alloys with alpha plus beta microstructures. 
An alloy with an all alpha microstructure will have 
unusually high notch ductility. 


Conclusions 

1. The copper-base alloys have fracture character- 
istics different from steel in that a Charpy V energy 
level of 10 ft-lb does not indicate a brittle condition, 
i.e., copper-base alloys with Charpy V energy values 
from 3 to 10 ft-lb will plastically deform even in 
the presence of a sharp notch. 

2. There is a general interrelationship between 
Charpy V energy, tensile elongation, and notch duc- 
tility for all copper-base alloys. 

3. A copper-base alloy will fracture in a truly brit- 
tle manner only when the microstructure of the alloy 
is a nonductile type. A tensile elongation value below 
2 per cent indicates a brittle condition. 

4. High-tensile manganese bronze approaches a 
brittle condition at temperatures below —150 F. 
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EUROPEAN SELF-CURING OIL BINDERS 


By 


Franz Moser* 


There are important economic advantages to be 
gained by the foundry if it has a binder available 
which will cure by itself in the corebox. Obviously 
this is especially true when large and complex cores 
are to be made. A number of means have been 
developed to accomplish this, such as use of cement 
or certain kinds of synthetic resins as binding ma- 
terials, or by the use of the CO, process. The type 
of core binder used in these experiments is the one 
which has found quite general acceptance in West- 
ern Europe during the last few years; it is the type 
based on drying oils. 

Drying oils such as linseed or soya have been used 
with metal driers as self-curing binders for about 40 
years in Germany. Their use must have been rather 
limited, because they suffered from several serious 
drawbacks. First of all, their setting speed was rather 
slow and varied greatly with temperature, air hu- 
midity and kind of sand used. No means were avail- 
able to correct this. Much more serious was the fact 
that the cores obtained with these binders, once they 
had set, still remained thermoplastic, i.e., they dis- 
torted or even collapsed completely when put into 
the baking oven, making bedding sand or other 
means of support necessary. 

Certainly we have come a long way from these 
rather primitive cold-set binders of the past to their 
modern counterparts. Present-day oil binders show 
no distortion on baking and are not only quicker 
setting but their setting time may even be prede- 
termined and regulated within wide limits by the 
use of special additives developed for this purpose. 
These improvements came as a result of extensive 
laboratory and development work carried out in 
Switzerland and begun during the second half of the 
last war. Through this work it was gradually learned 
how, by proper choice of the starting material and 
suitable methods of modifying the oil, it was possible 
to completely eliminate thermoplasticity of the hard- 
ened core. Further studies revealed a large group of 
readily available compounds which were rather 
active accelerators or “starters” for the setting of the 


*Oel- & Chemie Werk A.G., Hausen b/Brugg, Switzerland. 
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binder. However, before we discuss the chemistry of 
the auto-hardening binders, let us look at it from 
the foundrymen’s point of view. 


Features of Cold-Set Binders 
The binder itself. is a clear, dark-colored oil, 
Gardner viscosity Z, - Z;, free from disagreeable odor 
and having no detrimental action whatsoever on the 
skin. The accelerator to be used with the binder is 
a white free-flowing non-toxic powder. Storage life 
of the binder is indefinite if kept in sealed air-tight 
containers; access of air causes skinning due to the 
rapid drying characteristics of the binder. Storage life 
of the accelerator is indefinite if kept in a dry cool 
place in a sealed container. Mixing of sand and 
binder is carried out in exactly the same way and in 
the same equipment as with ordinary core oil; the 

resulting mixture is remarkably free flowing. 


Field of Application 


Conventional methods for making heavy and com- 
plex cores invariably require sand mixtures with high 
green bond together with a liberal use of core rods 
and driers in order to produce a core of sufficient 
stability. To ram sand mixtures of this kind into an 
intricate corebox is a difficult job; the proper build- 
up of such a core may require many hours of a 
skilled coremaker. Using the self-curing binder the 
operation is reduced in the main to simply “pour- 
ing” a free-flowing sand mixture into the corebox 
using very little ramming energy and very few core 
rods. Allowed to stand in the corebox for a period, 
which has been predetermined by the addition of 
accelerator in the muller, the core hardens by in- 
ternal oxidation brought about by the air present 
between the sand grains in the corebox. Then the 
core can be removed from the box, put into the oven 
and baked with no danger of deformation. A core 
with excellent dimensional accuracy results with a 
baked strength equal to that obtainable with the 
best core oils. 


Advantages Derived from Self-Curing Binders 


The advantages obtainable with the auto-harden- 
ing binder may be summarized as follows: 








470 


1. The ease of filling even complex coreboxes with- 
out any need for hard ramming means less labor 
cost. In actual practice with especially complicated 
cores, reductions in labor cost as high as 80 per 
cent have been obtained by the self-curing technique. 
Unskilled labor may even be used to a considerable 
extent. 

2. Sand economy results from the wide use of fill- 
ed cores with a wall thickness of only a few inches 
and a coke center made possible by the new tech- 
nique; this results at the same time in high perme- 
ability of the core and good shakeout. 

3. Drastically reduced number of core rods and 
supports means easier cleaning of the casting and is 
agreeably reflected in the cost. 

4. Users of these self-curing binders find that they 
obtain 

(a) better dimensional accuracy of the cores, 

(b) exceptionally clean and smooth surface 
finish. and 

(c) reduction of rejects. 


Limitations of Self-Curing Binders 


The self-curing technique has some limitations. In 
the first place, it reduces the number of cores which 
can be made from each box, varying with the size 
and shape of the core. Large cores are often allowed 
to harden overnight in the corebox and in such 
cases the binder may be used without adding ac- 
celerator. When several cores per day are required 
from the same box, setting may be speeded up by 
the use of an accelerator; but to the author’s know- 
ledge core production from one box practically has 
never exceeded three per hour for smaller cores. 

Another point to be mentioned in this connection 
is the limited bench life of the sand mixture which 
may become critical with large doses of accelerator. 
Oxidation by air starts in the muller and finally 
leads to hardening of the mixture. Batches of ac- 
celerated sand mixtures should, therefore, be used 
within half an hour after the discharge from the 
mixer. From the above it is evident that the use of 
the new binder is confined to a limited field where 
no large numbers of cores are to be made from the 
same box in one day. 


Chemistry of Auto-Hardening Binder 


This is a topic of which only the surface can be 
scratched. It has already been stated that the binder 
basically consists of a drying oil containing the con- 
ventional metal driers. Setting of the binder occurs by 
air-oxidation. Unfortunately, only very few oils are 
suitable, namely those characterized by the prepon- 
derence of conjugated double bonds; all the others, 
such as raw linseed or soya or fish oil, yield cores 
which will either collapse or distort badly in the 
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baking oven. Partly conjugated oils, like dehydrated 
castor oil or catalytically isomerized oils, take an in- 
termediate position. In developing a_ self-curing 
binder, which could be economical, the first problem, 
therefore, consisted in finding methods for modify- 
ing oils in such a way that after air-drying at room 
temperature it gives a film which is no longer ther- 
moplastic. Considerable progress has been made in 
this respect and a number of methods have been 
covered by patent application. Blowing with air, e.g., 
in some cases offers a means for reducing thermoplas- 
ticity of the air-dried oil film whereas heat bodying on 
the other hand is not of any great help in this re- 
spect. The most effective method seems to consist 
in a treatment with certain conjugated compounds, 
in which case catalytic isomerization seems to play a 
role although the mechanism of the reactions in- 
volved apparently is not clear yet. Curiously enough, 
catalytic isomerization with substances of the type of 
anthraquinone, following a method well known in 
the oil chemistry is rather ineffective. 

Regarding the substances suitable as accelerators 
from a large number of compounds which have been 
proposed and tested, those containing the peroxide 
group have emerged as the most promising ones. 
They are covered by a number of patents. In choos- 
ing the right accelerator, not only high activity is 
essential, but other properties, of course, must be 
considered, such as availability, storage stability, tox- 
icity, and price. 

Testing Methods for Cold-Set Binders 


These should include such properties as speed of 
setting, green and baked strength, thermoplasticity of 
the core after setting, and the property of the sand 
mixture to dry even in thick layers in a closed con- 
tainer. This can be done conveniently with little more 
than the conventional core testing equipment. Speed 
of setting and green strength may be determined by 
a set of measurements of shear strength which are 
carried out at intervals of about one hour. Baked 
strength is determined in the usual way. To obtain 
a measure of thermoplasticity, test rods may be baked 
supported at both ends only during the baking. As 
to the property of drying in deep layers, a practical 
method consists in filling metal tubes closed at one 
end with the sand mixture and observing the depth 
to which drying has proceeded after a given time. 

In closing, it may be said about the present trends 
in the development of improved auto-hardening 
binders that whereas the search for cheaper produc- 
tion methods and raw materials is still of prime im- 
portance, there is considerable interest in Europe for 
a new kind of self-curing binder which is said to 
resist metal penetration on pouring. This new prod- 
uct is still in the experimental stage. 
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ENGINEERING AIDS FOR SEALING CORE 
BOXES AGAINST BLOW-BY 


By 


Richard L. Olson* 


Introduction 


Erosion, or the gradual wearing and eating away 
of surface materials, has plagued mankind since the 
beginning of time. 

These forces are changing our landscape and have 
in part been harnessed and increased a thousand 
fold in the machinery used in the Foundry industry. 

We refer to the introduction of the core blower 
into the foundry coreroom. In this unit we have 
combined two of natures erosive forces, air and 
sand. Intensifying and concentrating these forces, we 
direct them into the limited confines of our core 
boxes. 

The resulting wear on the cavities and on the 
parting surfaces of core boxes, have caused con- 
siderable concern. 

As a pattern maker, the repairs and refacing of 
boxes so eroded, represent a notable percentage of 
business. 

The loss of production and cost involved in con- 
stantly making these corrective repairs is of major 
concern and proportions to the industry. 

Comprehensive knowledge of the problem, plus 
objective thinking and analysis of possible corrective 
measures, are needed. Experimentation with a dam 
like barrier, one side of which would be firmly 
affixed to, and other molded in and releasable from, 
grooves in the surfaces of a core box, indicated an 
excellent approach to the problem. 

Accordingly a research program applying this 
means of eliminating an unceasing source of expense 
to the foundry industry was instituted. 

Encouraged with the results and the acceptance of 
a preliminary report** work continued on, the prob- 
lem. This study goes more deeply and thoroughly 
into the problem. The result is that much more has 


*Chairman of the Board and President, Dike-O-Seal Inc., Chi- 
cago, Illinois; and President, Englewood Pattern and Model 
Works, Chicago, Illinois. 


t“Dike”, as used here, is the trademark property of the author. 
U.S. and foreign patents applied for. Canadian patent, 1956. 


**Presented at the AFS Convention in May, 1955, Houston, 
Texas. “Sealing Metal Core Boxes Against Blow-By,” TRAns- 
ACTIONS, 63, 325. 
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been learned of the requirements for applying the 
dike-typet seal to all types of core boxes. 

Current findings concerning the initial engineer- 
ing and design of core boxes for this practical cor- 
rective measure are the subject of this paper. 


In the Coreroom 

In today’s competition, it is possible that the dif- 
ference in casting quality, as well as profit and loss, 
can be found in the coreroom and methods with 
which they operate. 

Production lines that are delayed while core boxes 
are being repaired from blow-by damage, or cores 
that must have to be mudded or patched, are costly 
and reflect in casting prices. 

Most of the repairs are caused from blow-by that 
erodes core box partings. Excessive clamping pres- 
sures that have destroyed the facings is another 
cause. Blow-by starts out as a small leak that in- 
creases with every blow. This leak may have occured 
when stray grains of sand or foreign matter on the 
parting face kept them from closing tight. 

Duplicate sets of equipment for stand-by are 
costly, in the initial purchase as well as downtime 
lost in change over when repairs are necessary. 


All drawings presented here show actual cut-a-way 
sections of cores blown with this condition of blow-by 
in evidence. 

Figure 1 shows how core quality is affected as 
erosion due to blow-by gets worse. Air leaking 
through these eroded areas produces a channeling 
hole in the core. This is commonly known as a 
ratting or piping hole 

This core box (Fig. 2) is equipped with the dike- 
type seal. The problem of blow-by was controlled 
with a barrier to erosion, causing escape of air 
and sand. 

This escape of sand-laden air at the partings 
produces fins on the cores, as shown in Fig. 3. 

Removal of these fins destroys the core skin and 
exposes it’s coarse inner structure. The core must 
then be painted with a core wash to prevent metal 
penetration into this exposed rough surface. 

A dike-type seal minimizes fins by creating static 
back pressure between the seal and the core cavity 
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when the core is blown. This back pressure tends 
to prevent sand from entering this area, thus helping 
prevent fin formation. 

Figure 4 shows results of some of the tests made 
with the co-operation of one foundry. There were 
voids at the parting lines. Fins were in evidence, 
and core complexity made fin removal difficult. 
Lower picture shows the addition of the dike seal. 
Piping or ratting has stopped, fins reduced. 

To those conducting the experiment this was 
proof that each cavity should carry it’s own seal. 
It also showed that sealing should be applied to the 
islands and kiss-offs as in Fig. 5. This is to control 
this condition in these areas. 

A dike-type seal would be applied at a predeter- 
mined distance from the cavity for protection. To 
free this area and clear it for the seal, location of 
core box accessories cannot be hit or miss. There 
must be a definite place for them in the planning 
of sealed core boxes. 

Figure 6 shows the importance of keeping the pins 
and bushings well back from the core cavity to 
allow room for the seal. If bushings and pins are 
so positioned that the seal must be located outside 
of these, an escape way is open to the destructive 
air and sand passing through these parts. 

Since we are to groove and counter groove op- 
posing faces of the core boxes, sufficient thickness 
must be allowed, as in Fig. 7. This allowance is in 
the flanges to accommodate machining while retain- 
ing sectional strength. 

There is no standard formula for proper venting 
of various type core boxes. There is no intention 
to tell how to accomplish, this. However, with a 
sealed box, air must escape through vents as the 
sand is conveyed into the cavity. Proper adjustment 
of blow-tubes-to-vent ratio is important. 

Vent placement concerns the Foundry industry. 
Figure 8 gives a minimum dimension for locating 
vents in proximity to the parting line to avoid cut- 
ting into them during the groove machining. 

Multiple cavities and the advisability of providing 
an individual seal for each cavity were previously 
mentioned. Research on this project has proven that 
individual cavity seals effectively produce the desired 
static back pressure. This gives better control of pip- 
ing and fining than a single seal separating two cav- 
ities. The single dike seal is subjected to counter 
pressures from each cavity, thus reducing the indi- 
vidual cavity control. 

Figure 9 is a recommendation to allow at least 
l-in. between cavities for proper placement and 
metal structural strength. 

If drier equipment is required, it is recommended 
that replaceable steel wear pad inserts be installed 
in the face of the core box half that receives it. 
They absorb the peenage from the repeated bang- 
ing and closing. They should be placed well away 
from the dike groove as in Fig. 10, to eliminate the 
chance of cutting into them when machining 
grooves. The pattern engineer should provide match- 
ing pads on the drier pattern when master pattern 
is being made. 
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Plastic-lined core boxes can be designed for the 
advantages and savings with dike-type seal. The seal 
can be incorporated into the construction of the 
box. The cavity, for receiving the plastic, should be 
constructed to allow location of the seal in the meta! 
section of the core box as in Fig. 11. Application 
and molding of the plastic liner to the box shell 
is done after the seal has been processed. 

Another method of application allows the pattern 
engineer to cope with design changes or damage. 
It requires removal of the plastic and the seal, if 
the original design placed the seal in the plastic, 
as shown in Fig. 12. 

Where a vent rod is needed in a core box, the 
usual practice is to relieve the parting faces to accept 
each half of the vent rod. This practice invites blow- 
by and prevents the perfect seal. 

To overcome this and provide an uninterrupted 
barrier to blow-by, an elevated build-up over and 
around the rod is recommended, as in Fig. 13. This 
has become an accepted construction standard for 
many foundries. 

Multiple vent rods are handled in much the same 
manner and, as shown in Fig. 14. If the vent rod 
hole becomes worn it can be repaired by installing 
a bushing or sleeve without interfering with the 
seal. 

The pattern engineer should allow clearance for 
the drier over the built up area when the pattern 
equipment is being produced. 

Loose pieces can be sealed as shown in Fig. 15. 
Note that the seal in the top half nests into the 
bottom half as weil as the loose piece. The seal 
prevents air and sand from blowing between loose 
piece and its container. If air and sand would blow 
it would cause loose piece to stick. Then it would 
be hard to remove from the corebox and could dam- 
age the core when the core is removed. 

The lower illustration in Fig. 16 shows the usual 
treatment of a deep-draw loose piece. Note the width 
of the seal for the extreme length necessary for 
proper fit and draft. It can be seen that flexibility 
in the dike seal has been sacrificed. 

The upper drawing is the recommended method 
of handling this condition. Note the semi-rigid seal 
has been shortened and confined to the upper area 
of the loose piece. Below this short step a narrow 


. more flexible seal was installed for greater length 


and effect. 

Core boxes requiring three or more parting mem- 
bers or sections, multiply the possibility of blow-bys. 
These boxes (Fig. 17) are costly to make and main- 
tain, and therefore should receive every attention 
and consideration to make them last. 

Note how the “Y” dike is designed to block blow- 
by at all sectional partings. Research and field test- 
ing has proven it to be effective even after many 
months of production. Without it the core boxes 
needed constant repair and maintenance of the part- 
ings due to blow-by. 

Figure 18 shows a design condition of sealing a 
blower-type box. The parting is a two-step sweeping 
contour on the narrow land of the upper face. This 
made it advisable to install a baby dike. Known pres- 





the 
eal 
he 
be 
tal 
on 
el] 


‘VS ee OTD 














Fig. 1— Air leaking through eroded 
areas produces a ratting hole in the core. 











Fig. 2— Same core box as in Fig. 1, 
with dike-type seal creating erosion 
barrier. 


Fig. 3 — Escape of air and sand at part- 
ings produces fins on core. 





Fig. 4— TOP — Voids appear at part- 

ing lines. Fins are evident. BOTTOM — 

Fins have been reduced, and ratting 
stopped. 





Fig. 5 — Sealing is applied to islands 
and kiss-offs to prevent condition in 
these areas. 
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Fig. 6 — Pins and bushings must be kept 
well back from the core to allow room 
for the seal. 

















Fig. 7 — Thickness allowance must be 
sufficient to accommodate machining 
and retain strength of section. 
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Fig. 8— Minimum dimension for vent 
site to avoid cutting during machining. 
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Fig. 9—One in. allowance between 
cavities is recommended for proper place- 
ment and metal structural strength. 
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DIKE GROOVE WEAR PAD 


Fig. 10— Wear pads are installed to 
absorb peenage from banging and clos- 
ing and away from dike groove. 
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Fig. 11 — Plastic-lined core box con- 
structed to allow seal location in metal 
section of core box. 
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PROCEDURE 





POSSIBLE METHOD 


Fig. 12 — Plastic and seal removal is 
necessary with this type of construction. 





Fig. 16 — Recommended procedure 
(top) and usual treatment (bottom) of a 
deep-draw loose piece. 





(6 
ALLOW CLEARANCE 
T ON DRIER FOR 





Fa Pity , BUILT UP AREA 
SIDE VIEW 
DIKE GROOVE aie SQ 
x giee V2 VENT ROD 
(\VZ7a AK 
RE e . >)) 
< amet! 
So ad 


Fig. 13 — An elevated build-up is rec- 
ommended around the rod. 
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Fig. 17 — A “y” seal is placed in a core 
box with multiple parting members to 
block blow-by. 


CONTOUR 


PARTING pa, 


DIKE 


BABY” DIKE 





HORIZONTAL 
PARTING - 


Fig. 14 — Multiple vent rods should be 
handled with build-up area. 


Fig. 18 — The parting is a two-step con- 

tour on the narrow land of the upper 

face. A small and standard-sized seal 
have been installed. 
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Fig. 19 — To eliminate need of second 
seal, land width should be wide enough 
to receive larger seal. 


Fig. 15— Seal on top half nests into 
bottom half as well as loose piece. 
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Fig. 20—A single face parting is al- 
lowed, following core contours with one 
tace-parting dimension to be controlled. 
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Fig. 21 — Verticals with more incline 
are recommended, wherever possible to 
cut down groove machining problems. 
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Fig. 22 — To seal pin core boxes—¢-in. 
minimum is provided. Small and stand- 
ard-size seals are installed. 
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Fig. 23 — Metal strips (A), a minimum 
of \4-in. thick permits seal installation. 
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INSTALLATION OF ELEVATOR BARS 
PREVENTS WEAR ON BOX 











DRAGGING CORE BOX ACROSS DRIER PLATE 
CAUSES EXCESSIVE WEAR ON BASE AT PARTING 


Fig. 24— An elevator bar to elevate 

leading edge off drier plate reduces wear 

(top). Leading edge of core box wears 
away (bottom). 





Fig. 25 — The two halves of core box 
are equipped with elevators for added 


protection. 








CAP END 















Fig. 26 — Cap-end seal serves as cork 
when pressure is applied. Facing screw 
(A) position allows more width for seal. 
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Fig. 27 — Bars or steel facing must be 
fastened with screws and pins. 
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Fig. 28 — More accurate castings may 
be produced with seal as smooth con- 
tours are possible. 
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AS POSSIBLE TO 
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STEEL FACING 


Fig. 29 — To reduce friction screws are 
located outside seal area along cavity 
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Fig. 30 — Aluminum facing can be used 
on wood blow-in boxes. 
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Fig. 31 — Seal is installed in magazine 
and blow plate. 
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Fig. 32 — Seal is installed in both sides 
of blow plate, with grooves in magazine 





and core box. 
MAGAZINE 
MULTIPLE HOLE 
DIKE SEMI-PERMANENT 
















1A Bee 
a ENLING BS \ rh 

BLOW TUBE IN NN 

ALIGNMENT WITH 

THE HOLE IN UPPER CORE BOX 


Fig. 33 — Seal is installed in magazine 
with grooves in blow plate. 
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Fig. 34 — Extreme clamping pressures 
are not necessary to obtain abutment of 
faces. 
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Fig. 35— Proper application of rails 
and stops to reduce shock prolongs serv- 
ice life of equipment. 
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Fig. 36-— A _ core 
box can have se- 
rious damage due 
to extreme clamp- 
ing pressures. 


Fig. 37 — Burr for- 

mation from re- 

peated clamping 

will attect quality 

and accuracy of 
core. 


Fig. 38 — Core 
blowers are often 
over-size beyond 
machine limits (A), 
as in diameter of 
clamping cylinder 
(B). Pressure regu- 
lators (C and E) 
allow sufficient 
pressure at D. 


Fig. 39 — Mechan- 
ical clamps may 
assist in locking 
parts together to 
eliminate separa- 
tion and pressure 
ratio adjustment in 
change-over. 


Fig. 40 — Typical 
blow-in drier. 
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sures and area required the addition of a back up 
dike, on the flat, horizontal lower parting, to insure 
against possible over-ride of the smaller seal. This 
also prevented loss of pressure to the atmosphere, 
as well as the erosive action of leakage on the parting 
faces. 

A more realistic approach to this parting would 
be as in Fig. 19. A land width is provided wide 
enough to receive a single standard-type dike on the 
contour parting. No secondary dike is necessary on 
the lower, flat horizontal parting. 

In the application Fig. 20 shows how the dike- 
type seal frees the pattern engineer from more costly 
methods of core box construction. Double offset part- 
ings, representing two surfaces that must be dimen- 
sionally controlled can be eliminated. A single face 
parting is allowed, following true core contours with 
one parting face dimension to be controlled. Another 
advantage is that the blow machine operator can 
keep the parting faces clear and clean of stray sand 
grains or foreign matter. 

Where possible avoid partings with extreme verti- 
cals in favor of a parting with more incline as 
shown in Fig. 21. Extreme, or steep verticals present 
machining problems in control of dike groove ac- 
curacy. This is true in core boxes to be duplicated 
for interchangeability. The seal can be subjected 
to possible damage from repeated abuse while clos- 
ing and separating the sections. 

Pin core boxes can be sealed if a minimum of 
54g-in. is provided between the core cavities, as 
shown in Fig. 22. This dimension permits the in- 
stallation of a baby dike, and on the outer ends the 
standard size. 

Figure 23 shows metal plates or strips (A) used 
to close open ends of core boxes. They should be a 
minimum of 14-in. thick to permit proper installa- 
tion of the seal. It is important that all additions to 
the core box be in tight abutment, as air and sand 
could leak through it and rapidly erode it. The 
added material preferably should be of the same 
metal composition as the box to which it is applied. 

Figure 24 (top), shows an elevator bar and how 
the least bit of tip would elevate the leading edge 
off of the drier plate and reduce the excessive 
wear. 

Dragging the core box across the drier plate after 
emptying the box for a stand up core wears away 
the leading edge of the core box, shown in Fig. 24 
(bottom). 

Figure 25 shows both halves of a core box 
equipped with the elevators with added protection 
for the seal in this area. 

Open end boxes are generally faced with steel 
wear plates on both ends. 

Since they are blown from one end, the cap-end 
dike (Fig. 26) serves as a cork when pressure is 
applied to it. The entrance of air and sand into the 
diked area is stopped. This area of seal serves as 
protection to the diked ends, when the core box is 
dragged across the platen or clamping plate. 

Note the location of the facing screws shown at 
A. This position of screws is recommended arranged 
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as shown. This will allow additional width of the 
dike-cap end. 

Brass or Steel facing is costly. It also limits the 
equipment by providing contour partings with nu- 
merous angular flat plane faces (Fig. 27). Various 
pieces of flat steel or brass facing have to be fas- 
tened down with screws or pins. Each corner or sec- 
tion is a future blow-out problem for repair. 

With the dike-type seal, smooth flowing natural 
parting contours are possible (Fig. 28). A more 
accurate core without the necessity of faking or 
fudging the partings is produced. 

Where steel facing must be used to reduce wear 
or friction, it is recommended screws be located 
along cavity edge outside seal area (Fig. 29). Use 
facing material at least 4-in. thick to prevent cut- 
ting through it, thus weakening material when seal 
is installed. 

One place you can use aluminum facing is on 
wood blow-in core boxes (Fig. 30). This facing can 
be removed during seal installation without subject- 
ing the wood to the stresses of sealing. 

Blow-by in core boxes can be controlled if they 
are properly engineered and designed for its instal- 
lation. But what about the leaks seen on the blow 
plates and magazines? Sealing of these parts is not 
only against blow-by but a safety measure to pre- 
vent blow outs that may injure operators.* Figure 31 
shows seal installed in the magazine and blow plate. 
The dike-type seal allows the blow plate to be bolted 
in tight abutment to the magazine. 

Figure 32 shows a variation. The seal is in both 
sides of the blow plate, and the grooves are in the 
magazine and core box. 

The seal is in the magazine (Fig. 33), and the 
grooves are in the semi-permanent multiple-hole 
blow plate. The blow plate is bolted to core box. 
It is equipped with a standard molded seal con- 
forming to the groove in the semi-permanent blow 
plate. Similar core boxes can be equipped with the 
same set-up. This may reduce downtime when 
changing boxes for short-run orders. 


With the dike-type seal, it is not necessary to use 
extreme clamping pressures to maintain abutment 
of the faces and prevent blow-by (Fig. 34). Faces 
must be properly aligned and joined. By proper 
application of rails and stops to absorb and reduce 
the shock with the seal, service life of equipment 
will be prolonged. One application of these stops 
is shown in Fig. 35. 

Core boxes and blow heads are now sealed. There 
is serious damage to core boxes from extreme clamp- 
ing pressures. The evidence of this (Fig. 36), demon- 
strates the damage a core box can sustain from pres- 
sures. A overhanging lip is generated in this steel- 
faced unsealed core box. Core distortion and tears 
and constant repair or destruction of the box are 
end results. 

Figure 37 shows a burr formation from repeated 
clamping. The core box will be prevented from clos- 


*Use of dike-type seal is suggested in Recommended Safety 
Practices for Workers in Foundries, AFS, 1957 edition. 


477 


ing and quality, and accuracy of the core will be 
affected. 

Too often core blowers with core boxes being 
blown that are oversize as in A (Fig. 38) beyond 
limits of the machine as in diameter of clamping 
cylinder B. Parting faces separate on the blow cycle 
permitting blow-by and excessive fins on the core. 

It is advocated to use pressure regulators at C 
and E. Sufficient line pressure at D permits adjust- 
ment of the blow pressure on C regulator. The E 
regulator can be adjusted for additional air to assure 
the box will not blow apart at the blow cycle. 

It is not to be meant that use of larger core box 
equipment is recommended on a unit exceeding the 
manufacturers specifications and recommendations. 
Rather, this is too frequently the case. On units op- 
erated within specified limits, the attention to cor- 
rect line regulation in relation to blow area and 
clamping is often overlooked at the expense of the 
equipment. 

Figure 39 shows how mechanical clamps may as- 
sist in locking partings together. This method elimi- 
nates separation and the need for pressure ratio ad- 
justment in changing over to boxes of excessive cav- 
ity areas. Mechanical clamps permit use of smaller 
capacity cylinders to raise the lower half of the box. 
The reduction of air consumption from the smaller 
cylinders Will reflect in substantial air compressor 
operation Savings. 

With proper control of blowing and clamping pres- 
sures, and use of rails or stops blow-in driers may 
be worthwhile. Cores blown this way may result in 
savings in time and pattern equipment. Such blow- 
in driers have been equipped with the dike-type seal. 


Design of the drier is important since the groove 
will be cut into the master pattern, and cast from 
this into the production units. Figure 40 shows a 
typical blow-in drier. The pattern maker must pro- 
vide the sectional depth at A in the master pattern. 
This will insure the drier pattern will not be 
weakened by the machining of the seal groove. 

The seal would be installed in the blow half of 
the box. One of the production driers is used to 
process and form the seal. It is apparent that sav- 
ings in operations reduction in making a core may 
be realized. 


Conclusions 


Recognition of the effectiveness of sealed core 
boxes, and their reflection in production costs, is 
gaining momentum in the Foundry industry. 

The results in prolonged core box life, consistent 
production of quality cores, and elimination of costly 
facing of core boxes alone are important. 


Advantages of importance to cost are the reduc- 
tion in mudding, patching, and finning of cores, 
produced from sealed boxes. The design features 
and extra consideration required in the relocation of 
core box appurtenances are minor corrections. Other 
features are to be the ultimate advantage of the 
user of the equipment presented in the interest of 
the industry. 








AN APPEAL TO FOUNDRY EXECUTIVES 


By 


J. A. Wagner* 


Not too many years ago the future of the Foundry 
Industry did net seem too bright—forging and weld- 
ments were becoming more and more attractive to 
buyers. Recently much has been done in improving 
the quality of castings through better manufacturing 
methods and technical skills. Some managements have 
displaced hard work and long hours with today’s 
team of good men of practical experience with a pro- 
portionate number of young men with college train- 
ing and mechanized and technically controlled 
methods. 

With this accomplished many executives feel that 
their job has been done. Unfortunately, this is far 
from the truth and many others, in daily contacts in 
sales, see the effects and suffer financially as a con- 
sequence of this management neglect. Personal in- 
terest by top management in having costs properly 
accumulated by the accounting department is a natu- 
ral requirement if benefits are to be derived from 
the results of the work of today’s team of men and 
machines. Without such knowledge the acquisition 
of equipment of various kinds may not pay for itself— 
instead its investment may pass on to the customers 
because of improper cost accounting and pricing. 


Know Your Costs 

If executives lack an appreciation of the necessity 
of proper “cost finding” on a per pattern basis, it 
usually follows that the sales people at best will view 
sales prices projected by the cost accounting depart- 
ment only as a guide. Orders will follow at levels 
quoted by competitors who either are more efficient 
or suffer from an “inferiority complex” as to their 
own costs. Most successful foundries are effic‘ent pro- 
ducers of certain types and sizes of castings and on 
those products their costs are low—it does not, how- 
ever, follow that their costs will be low on all types 
and sizes of castings. There is no such animal as a 
low cost foundry when applied to castings in general. 

Procedures and principles of accounting, well pre- 
pared after much committee work on the part of our 
various foundry organizations, are available to all 


*President, Wagner Malleable Iron Co., Decatur, Ill. 
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of us. Among others the Manual of Principles and 
Procedures of Cost Accounting for the Malleable Iron 
Industry is equally applicable to large and small, as 
well as mechanized operations—the Gray Iron Found- 
ers Society also have published work in this field. 
No further work of this character now seems neces- 
sary—the present necessity is that executives adopt 
one which appeals to them in their organization and 
then enthusiastically push its installation and use. 


Collecting all expenses into proper accounts in cost 
centers or departments, gives only the cost of the 
total output of the past. The problem remains to dis- 
tribute those costs to castings by pattern number or 
classification for each of the operations performed. 
That is where the differentiation between the ac- 
counting department and the cost department first 
enters the picture. Admittedly all operation expenses 
cannot be applied directly to a pattern number, and 
just as properly, many costs which occurred in a past 
period are not repetitive in the future, therefore, 
many costs must be applied on a formula rate basis. 
It seems that nothing will be done in this complex 
accounting problem unless some executive determines 
that a solution must be found for that company. 


Whether the operation be on a production or a 
jobbing basis, the accounting problem is the same. 
Knowledge of costs of producing the output of the 
past does not necessarily entitle one to properly cost 
similar production of tomorrow with assurance of 
equal profits. However, if careful consideration is 
given to the probable expenses of each of the many 
operations in the period ahead, reflecting the most 
recent costs and adjusting them for anticipated future 
rate or cost changes, it follows that the so arrived 
at cost of a particular operation divided by the ap- 
propriate production factor can be expected to give 
a good “cost rate” by the hour, the pound or the 
piece (depending upon what the operation covers) 
for future production. If then expenses which in cost 
finding can only be applied on a tonnage basis such 
as inspection, material handling, cleaning, or ship- 
ping are added to expenses which can be applied 
individually by the pattern number (molding, etc.), 
each with its appropriate element of factory over- 
head, total what is commonly called the “Conversion” 
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cost. Or stated another way, it represents the com- 
bined costs of one casting differentiated from another 
in respect to the expense of converting metal in the 
material inventory into a useful casting made to 
customer specifications. 

Leaving accounting for a few moments we can 
profitably exchange opinions on procedures of those 
who estimate costs for new work on inquiries from 
the sales department. The group may be large or 
small in numbers of people, but unquestionably 
“large” in importance. Top management's approval 
of the work done by this group is a “must” in order 
to obtain work at profitable prices at predetermined 
production levels. Assume an inquiry for a substantial 
number of castings to be needed daily for three or 
six months pursuant to an attached blue print. What 
problems confront your staff in the development of 
an adequate price and further, what harm is done 
because your competitors fail to properly evaluate 
the engineering problems attached to the production 
of the part? 


(1) The print as drawn by the customer usually 
pictures the part after machining—therefore, it 
must be redrawn to show the outline as a casting. 

(2) Prior knowledge is necessary as to locations 
of machining operations, in order to determine lo- 
cation of parting lines, the draft angles, and the 
gate location. 

(3) Only then the unit weight can be calculated 
of the casting and also of cores, if needed. (Too 
often weights are inaccurately or improperly ar- 
rived at because of the lack of attention to such 
details.) 

(4) A rough layout of the production equip- 
ment is next necessary and the type of flasks to be 
used and as a result a decision as to which molding 
center will be selected. 

(5) Weight of metal in the mold must be de- 
termined, which requires the designing of the “gat- 
ing system” to provide sound castings, etc. 

(6) An advance determination is necessary to 
approximate the scrap losses likely to occur in var- 
ious inspection areas, so that the quantity of cast- 
ings to be poured—and the cores needed—will be 
sufficient. It should be recognized that numbers 
or pounds of castings will be different in various 
cost centers. 

(7) Productivity must be determined by time- 
study people for time required for the making of 
cores, molds, gate removal, pressing, machining or 
any other finishing operation which may be re- 
quired by the customer’s specification. 

(8) The setting down on a “cost card” such 
pertinent information and the multiplication of 
the arrived at production factors by rates estab- 
lished in the budget or by the cost department. 
Figures submitted to the sales department may or 
may not include a markup for profit. However, 
this is desirable and should be a rate which might 
be higher if unusual customers’ returns were ex- 
pected or if costing was considered inadequate. The 
cost system should provide that the profit rate is 
a percentage of conversion cost—not total cost. 
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(9) The cost of all equipment or tooling to be 
charged to the customer needed in the production 
of the contemplated order on contract must then 
be estimated. 

This description is intended only as an outline. 
The challenge to executives should be apparent. It 
would be far easier and quicker for some wise old- 
timer to “size up” the job as being desirable or not 
(dependent upon the problems to be encountered in 
manufacturing) and guess at prices accordingly. I 
submit that on 100-piece orders that not too much 
money might be lost, but try that system when thou- 
sands are to be made daily. It is a lot of work but 
regardless of the type of operations, it is a fact that 
the surest way to get profits is to adequately price 
the product. You can not do it without a knowledge 
of costs of the future and of time required for such 
production based on intelligent engineering data. 
Your organization will not go to the required effort 
or have confidence in the results unless you your- 
self help in the operations and give it your blessing. 


Set Up An Operating Budget 

A discussion of these considerations gives rise to 
the need for an “operating budget” which would 
form the basis for a “cost-finding budget”. This 
budget, if based on a sensible yearly sales income 
prophecy, could reflect the probable cost of pro- 
ducing different classes of work. If the pattern mix 
or the manufacturing processes change radically, an 
entirely new “operating budget” will be needed and 
consequently some changes in cost rates will result 
from the revised cost-finding budget. While most 
operators feel that budgets or costing through budget 
control are good or are useful for the other fellow, 
they do not apply to them because their operations 
are small or confined to jobbing business. Of course, 
that is not true and companies whose managements 
have little or no respect for collecting operational 
costs and use of same in an adequate cost-finding 
system for determining selling prices for products to 
be sold tomorrow are hardly those foundries whose 
stock would be considered “Blue Chips”. 

Costs of factory overhead items and of general ad- 
ministrative and sales expenses can be anticipated 
for the year. They should be budgeted and effectively 
controlled inasmuch as these expenses follow time 
rather than pounds produced or hours worked. Be- 
cause we know by experience that no sensible sales 
forecast should assume full production for a year, 
it logically follows that these expenses must be ab- 
sorbed into our costs at a level of “normal activity”. 
That is to say, that a decision must be made as 
to the number of molding shifts which will provide 
the anticipated sales and this is to be considered as 
“normal” for the year. The total of all operations 
costs of this projected production plus the budgeted 
overheads must equal the dollars of projected sales 
for a break even. If sales at this level cannot be 
attained it remains for management to seek means 
of reducing costs or face the necessity of asking for 
higher prices. Many managements feel that, not only 
should all manufacturing costs be absorbed at normal 
activity, but as well stockholders’ dividends and debt 
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retirement expenses should be earned also as rep- 
resenting a form of costs. If costing procedures are 
tied into quotations and costs are controlled, it can 
be assumed that resulting expenses and incomes will 
fit this picture if the years activity rate is obtained. 
If expenses creep up or incomes drop for a sustained 
period of time, it indicates that normal is at a lower 
than predicted level and that overheads are a larger 
proportion of total costs, requiring a higher average 
selling price or lower operating costs or reductions in 
overheads in order to break even. 


Consider Equipment Depreciation 

Another point of general controversy is the amount 
of equipment depreciation which the cost finding 
budget should assume and the manner in which that 
expense should find itself as a part of the cost of an 
individual casting. One approach is to fix a realistic 
replacement value to all principle items of machinery 
and to charge into costs that amount indicated by 
the remaining years of useful life of the asset. The 
amount so determined then is a yearly charge to the 
cost center in which the equipment is used. It is a 
serious mistake in cost finding for purposes of de- 
termining selling prices, to leave equipment deprecia- 
tion in a general overhead account as many do. 

If the executive has seen to the installation of an 
adequate accounting procedure and from costs so 
obtained and corrected as may be necessary to reflect 
costs in the future he needs to develop an estimating 
or engineering department. This group, of course, 
cannot determine the cost of a new casting without 
the cost data supplied by the cost department. Much 
of the success of properly pricing new products be- 
longs to the estimating people. Following these steps 
it is well to set up procedure to check estimates on 
work which is obtained. That should at least cover 
the accuracy as to the calculated unit weight, the 
metal weight in the mold, the unit weight of cores, 
the productivity of coremaking, of moldmaking, of 
gate removal and other specific finishing operations 
and the rates of scrap at various manufacturing stages. 

Any company which indulges in any form or de- 
gree of mechanization, must recognize that the less- 
ened labor cost in the operation effected must be 
offset by the depreciation of the new asset, the power 
to run it and the maintenance expense needed to 
keep it running. At least all of these cost factors 
need be taken into account before reaching a de- 
cision as to whether the purchase of a particular 
piece of equipment will be justified by consideration 
of these criteria: Improvement of quality of product, 
improvement in working conditions, cost reduction. 

An example of the accounting problem when 


change in methods occur: 
Preparing Molding Sand 





Method No. 1 Method No. 2 Method No. 3 
Hand preparation Machine preparation Machine preparation 
at molder station. at molder station. and distribution from 


Central Plant. 


Shovel and water Sand cutting machine No hand tools used. 
pail needed. and water pail needed. 
Assumptions 

Expenses (not intended to be accurate) of the 
operations of a year of 240 days of one shift with 20 
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molding stations producing molds at the rate of 100 
molds per shift in Methods No. 1 and No. 2 and 200 
molds in Method No. 3. Recording the costs as 
they might be accumulated by the accounting de- 
partment and added to by the cost department for 
“cost finding”’. 





























Labor 
Sand Cutter 

(6 @ $3,500) $21,000 x x 
Cutter Operator x (3 @ $4,000) $12,000 x 
Gereral x (1 @ $3,500) 3,500 (2 @ $4,000) $ 8,000 

$21,000 $15,500 $ 8,000 
Labor Extras 
Shift 

Differentials x x x 
Overtime 

Premium x x $ 1,000 
Delay Time x x x 
Allowances x x x 

x x $ 1,000 
Allocated Ex- 

penses follow- 

ing Payroll (@ 

20%, of Labor) $ 4,200 $ 3,100 $ 1,800 
Total 

Labor Cost $25,200 $18,600 $10,800 

Supplies 
Small Tools $ 1,000 $ 500 $ 100 
Sand 5,000 5,000 8,000 
Bonds, etc. x x 1,000 
Allocated 

Electricity x 300 1,500 
Repair parts 

used x 2,000 2,000 
Total Supplies $ 6,000 $ 7,800 $12,600 
Allocated 

Machinery 

Depreciation x $ 1,000 $15,000 
Allocated from 

Maintenance Dept. x 1,000 5,000 

$ 2,000 $20,000 
Total 

Burden Cost $ 6,000 $ 9,800 $32,600 
Supervision & 

Clerical $ 3,000 $ 3,000 $ 3,000 
Center Cost $34,200 $31,400 $46,400 
Allocated Factory 

Overhead @ 10% 3,420 3,140 4,640 
Manufacturing 

Cost $37,620 $34,540 $51,040 
Molds to be 

produced 480,000 480,000 960,000 
Rate of cost 

per mold 7.9c 7.0c 5.3c 


(Because expenses actually occur on a per-day basis 
the proper or more correct divisor to use—especially 
in Method No. 3, to provide for normalization—would 
be about 75 to 80 per cent of the molds.) 


Price Your Castings Realistically 

For the industry to capitalize on the potentials of 
the castings market of the present, it seems to follow 
that much money for modernization is needed, either 
from retained earnings or from borrowing. When 
available it can be profitably employed to obtain the 
best in both technical and practical staff people and 
such equipment to suit the methods and practices 
to be used. Surely it is not out of place to say that 
poor quality and antiquated manufacturing methods 
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coupled with poor working conditions and high costs 
will not capture these potential markets. It is high 
time that we asked ourselves whether our castings are 
being priced by adequate and proper cost considera- 
tions. It might be well to be curious on this point 
where your own operations are concerned and per- 
haps also you might find that that curiosity would 
later be translated into dividends. The operator who 
is always low when price bids are reviewed usually 
winds up as a candidate for the sher , but on the 
other hand, it is also possible to price yourself out 
of the market. There does not seem to be any easy 
way out—the big boss must see that costs are known 
and controlled and that this knowledge is used to in- 
telligently improve the practices of the plant and the 
pricing policy of the company. 


DISCUSSION 


Chairman: E. C. Rew, Ford Motor Co. of Canada, Ltd., Wind- 
sor, Ontario. 

M. E. MuNpDEL! (Written Discussion): Mr. Wagner makes an 
important point when he suggests that “it is well to set up a 
procedure to check estimates on work which is obtained.” How- 
ever, it might be well to emphasize that control procedures all 
too often play more of the role of a post mortem rather than the 
role of diagnosis which they should serve. An adequate con- 
trol procedure should: 

1. Compare what is happening to what was planned or esti- 

mated while it is still happening. 

2. Differences between what is supposed to happen and what 
is happening should be reported to executives or manage- 
ment for action rather than a complete report of all com- 
parisons. These differences should be reported while action 
can be taken. 

3. The control should be in sufficient detail to permit the 

determination of where action must be taken to remedy 

the cause of the difference (if possible) or the correcting 
of future estimating. 

. Procedures must be carefully planned so as to be economi- 
cal, rapid and accurate. 

. In larger installations statistical quality control techniques 
should be applied to cost and production control informa- 
tion to avoid wasting managerial time chasing inherent 
chance variations in performance. 

It is these last two points that perhaps merit additional 
emphasis. It is not unusual to find a plant using modern pro- 
duction equipment, modern technology, refined engineering 
and modern inspection procedures on its product, while at the 
same time allowing its paperwork procedures to grow willy- 
nilly in a flood of paper. It is also not unusual to find calcula- 


— 


wr 


tors and data processing equipment putting forth an enormous — 


flood of almost undigestible information. 

Perhaps it is also worth remembering that 1957 was the year 
when the clerical and service employed people in America first 
outnumbered the producers of goods. 

This is not a suggestion that cost procedures are undesirable; 
Mr. Wagner’s point that they are vital is well made and should 
be well taken. These procedures must be designed and a great 
deal of skill must be employed in interpreting the information 
they yield so that managerial talent is channeled into useful 
channels. The challenge is not whether we need cost reporting 
or controls, but how to actually use them most effectively to get 
the results we want. 

Mr. WacNeER (Written Reply): The point you <aised by Mr. 
Mundel is just as important as you indicated. However, the paper 
has to do with the proper preparation of cost data for determin- 
ing adequate selling prices. The engineering procedures should 
follow to predict the cost of the part, as it must be designed and 
tooled for the production involved. Following that a check-up 
to see wherein estimates of production factors, equipment or 
scrap losses differed in the actual production of the order. 

The matter of control of costs of operation is a difficult prob- 
lem plaguing all of us and was not intended to be covered by 


my paper. 


1. Professor, Management Center, Marquette University, Milwaukee, 
Wis. 
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I can further agree with you when you mention the ever grow- 
ing amount of paper work. However, in a mechanized operation 
where as many as 250,000 castings are handled in a day of 16 hr, 
it is a prime requisite that routing and instructions be carried 
to each department in a written form. This is true in operations 
where special operations are performed in the finishing depart- 
ment including machine work as well as special inspection for 
defects, hardness ranges and decimal dimensional tolerances. 

J. J. Farkas? (Written Discussion): Mr. Wagner recognizes that 
success in the foundry industry requires something more than 
the ability to make castings. 

This writer feels that Mr. Wagner's chaice of an audience of 
industrial engineers, is more than appropriate. He recognizes 
and compliments, the technical advancements made in manufac- 
turing within the industry. Nevertheless he charges that there 
still is much work to do, to elevate some of the important ad- 
ministrative functions to the same technical plane. 

In this writer’s opinion this objective and the responsibility 
for attaining it, is appropriately placed within the sphere of 
industrial engineering. 

As Mr. Wagner states while the foundry executive is eager 
to approve technical advances in manufacturing methods, and 
set up planning functions to assure their success. In too few 
instances does the executive's interest and energy extend to the 
point of establishing a good sound method for determining the 
degree, if any, of benefits derived. 

The determination of what benefits are derived from new 
equipment, method, or material, or the prediction of what bene- 
fits are derivable is possible only when there is a good under- 
standing and knowledge of costs, and cost variances. Costs and 
their variances, must of necessity therefore be developed in the 
same manner as any other set of engineering standard data. 

In our own foundry, we have broken down our entire foundry 
operation into 14 cost centers. These cost centers bear their own 
burden rates, which include all cost items. Our experience bears 
out every point that Mr. Wagner makes, relative to the im- 
portance of costs, in both, determining selling prices, as well 
as in managerial controls. 

Mr. Wacner (Written Reply): I like the point Mr. Farkas 
raised that we should have at this meeting a group of industrial 
engineers whose comments would be beneficial. This, however, 
raises the other point which is of equal importance. Unless the 
engineering department does a good job of estimating, and the 
cost people are able to cooperate in the way of rates, etc., all 
this work is of no avail unless the sales executives or top manage- 
ment see that accumulated information is accepted as being 
factual and treated in a quotation as such. 


I like, also, his last paragraph where he talks about the 
accumulation of costs into cost centers. So many people in the 
industry have failed to take advantage of this accounting device 
and their costing work suffers by reason of it. 

Joun Taytor3’ (Written Discussion): “An appeal to foundry 
executives” is certainly an appropriate title for Mr. Wagner's 
talk. In fact, it could also be considered a warning to foundry 
executives, particularly those who have made profits without 
knowing what their true costs really are. 

Many years ago, when foundry estimating consisted mainly of 
pricing by the pound with a few variations, most everyone fol- 
lowed the same procedure. This generally resulted in many jobs 
having a large profit margin, and many other jobs being made 
at a loss. As long as no one knew the difference between the 
good and the bad jobs, and the overall picture was a profit, 
everyone was happy. That is, until the profitable jobs were lost, 
and the unprofitable jobs remained. As Mr. Wagner has so 
clearly stated, “the surest way to get profits is to adequately 
price the product.” 

The explanation concerning an operating budget is surely 
timely, and an extremely important subject. A good operating 
budget is, in a sense, the same as a road map. It can be con- 
sidered as proper preliminary planning to achieve a certain goal. 
Considering the value placed upon budgets by thousands of other 
companies, it is difficult to understand why so few foundries use 
them. 

Progress toward lower costs and the challenge of competition 
is being met today by greater strides in mechanization. The 
degree of mechanization can be decided upon only after actual 


2. Assistant Production Manager, Foundry Division, Cincinnati Milling 


Machine Co., Cincinnati. 
8. Vice President, Norris and Elliott, Inc., Columbus, Ohio. 
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returns on the investment have been determined. Mr. Wagner 
has given a good example of the procedure for comparing costs 
under three different methods of operation. His example shows 
that every tangible item of cost has been given full consideration. 

However, it might be advisable at this point to describe the 
incorrect method which unfortunately, is used by many foundry 
executives who do not appreciate the value of proper account- 
ing procedure. Too many executives today will decide on an 
investment merely by evaluating the relationship between the 
purchase price of the equipment and a broad assumption of 
the labor savings. This practice invariably leads to disappoint- 
ment in actual results because all of the cost items were not 
considered and specific labor savings were not determined. 

Too much emphasis can not be placed on proper accounting 
and estimating procedure. Mr. Wagner has definitely highlighted 
one of the areas of foundry management which is still being 
neglected by many foundries. 

Mr. WAGNER (Written Reply): Mr. Taylor apparently has had 
much the same problems that we have had. 

The point made on budgets is one which cannot be too forcibly 
exploited. Without that approach none of us can properly deter- 
mine the rate of activity on which it is safe to absorb overhead 
expenses. Doubtlessly he feels as I do that estimating on a rate 
of cost or a rate of activity if it is too low will result in bank- 
ruptcy. On the other hand, if it is too high it will cost the 
company out of the market. 


APPEAL TO FouNDRY EXECUTI\ i's 


M. T. Sevi4 (Written Discussion): Mr. Wagner’s paper covcrs 
the subject well. It leaves little to be added without going iro 
a considerable amount of detail. 

One thing that might be mentioned however, which can easily 
happen, is the problem of maintaining the method of produc- 
tion used when pricing the casting. This is perhaps more easily 
abused in a jobbing shop, where the orders are for small quai- 
tities, with longer periods between orders for a particular casting. 
Unless the cost system is set-up so that information is telegraphed 
to the plant departments, the casting can very well be made by 
using methods other than the job was priced at. When this 
happens, the methods used are invariably morc costly than the 
original. This information must be relayed to the supervisors in 
charge, before the work is started. 

We may also find someone making methods changes, chang- 
ing molding or core-making stations, etc., which will effect the 
present cost of the casting. Many times this happens without 
those in the cost department having any knowledge of the 
change. Such changes may be for the good or bad of the com- 
pany, but whatever the change may be, it must be reported to 
the proper people, and should be reported before the change is 
made. 

The proper pricing of castings is well, but unless there is the 
proper pipeline of communications and authority, six months 
or a year will find the majority of your previous work wasted. 





4. Industrial Engineer, Sterling Foundry Co., Wellington, Ohio. 
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INTRICATE SMALL IAMETER CORING 
OF ALUMINUM AND MAGNESIUM ALLOY SAND CASTINGS 


By 


Robert F. Dalton* 


Small, intricately shaped, unlined passageways in 
aluminum and magnesium alloy sand castings are 
being formed by a new technique utilizing preformed 
metal tubing sheathed in a flexible refractory sleeve. 
Both the tube and the sleeve are removed from the 
casting after it has solidified. 

Holes or passageways in castings are quite com- 
monly made in castings with oil and resin bonded 
sand cores. In general, cereal, water, and in the case 
of magnesium alloys, inhibitors such as sulfur and 
alkali metal fluoborates, are also added to the core 
sand mixes. 

Gas is generated when hot metal is poured against 
organically bonded core surfaces. This gas must es- 
cape through the core rather than bubble through 
the liquid metal. In order for core gas to escape 
through the sand the core must be permeable. The 


*Director, Research & Development Division, Howard Foundry 
Company, Chicago, Illinois. 


Fig. 1— Maze of 17 cores in 

mock up of coring for aircraft fuel 

control includes seven tube cores. 

Pencil touches duplicate of \%-in. 
core. 


483 


rate and quantity of core gas generated during pour- 
ing and solidification of the molten metal determines 
the permeability requirements of the core. 

Where the ratio of core length to diameter is large, 
as in the case of small diameter cores, the escape of 
core gas through the small area of the core becomes 
more of a problem. The surface area determines, to an 
extent, the amount of core gas generated; the cross- 
sectional area of the core determines the amount of 
gas that can flow out through it in a certain time 
(Fig. 1). If the gas cannot escape as rapidly as it is 
formed a blow results in the casting. 

Other factors controlling the rate gas is evolved 
and the ability of the core to eliminate the gas are: 

Gas Evolution: 1—Heat entering the system; pour- 
ing temperature, Specific heat of metal. 2—Type and 
amount of binder. 

Gas Elimination: |—Sand Properties, Permeability, 
Core Venting. 
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Long, small diameter sand cores are apt to cause 
core blows. It is difficult to maintain their stability, 
eliminate distortion, and hold and set them. Nat- 
urally, the smaller the sand cores the more difficult 
they are to make, store, and handle. 

Cores may be molded of other refractory materials 
such as graphite, carbon, plaster, silica flour, pow- 
dered glass, etc. Most of these materials require an 
organic binder, although silica jell binders may be 
used. Unless the core binder disintegrates when pour- 
ing the metal, cores of these materials become very 
difficult to remove from the casting. 

Complex passageways are sometimes produced by 
drilling the casting. This practice usually requires a 
rather expensive drill jig. Short, drilled passageways 
can be joined together to produce more complex 
holes, but, it is often necessary to tap and plug a 
hole where it enters a casting. The plug is susceptible 
to loosening and leakage. The design of drilled 
holes is quite limited since they cannot follow irregu- 
lar contours and are restricted to a straight line. 

Another popular coring method is the use of a 
metal pipe or tube that generally remains in the 
casting. Iron pipes, calrod units, and other similar 
materials have been cast in aluminum and mag- 
nesium for a long time. 

Stainless steel tubing has been used for passageways 
in magnesium alloys. However, it appears that any 
ferrous tube will be anodically protected by the sur- 
rounding magnesium casting, provided the liquid 
flowing through the tube acts as an electrolyte in 
the iron-magnesium cell. Stainless tubing returned in 
scrapped castings presents a problem since nickel and 
chromium may dissolve in the magnesium melt and 
exceed permissible limits. Wherever possible, after 
the magnesium has been melted, the scrapped tube 
must be removed manually from the melt. 

For reasons not too well known, stainless steel 
tubing is quite difficult to cast in its required posi- 
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tion in the casting. It is particularly susceptible ‘o 
blows. To prevent blows, stainless steel tubing has 
been treated in many ways. In one method a resist- 
ance welder is employed to preheat the tube in tlie 
sand mold prior to casting. 

At Howard Foundry Co., a process for coring has 
been developed utilizing a removable tube-core. After 
numerous experiments with different metallic pipes, 
copper was selected as the best tube material. Soit 
copper tubing may be purchased in fractional inch 
sizes. When purchased from re-draw mills, almost 
any outside diameter may be obtained. The pipe 
is easily bent at room temperature using metal-faced 
wooden bending fixtures (Fig. 2) . 

A small allowance for tube “spring-back” is neces- 
sary, depending on the initial temper of the tube 
and the amount of cold work done in the bending 
operation. If aluminum or magnesium metals are 
cast around a bare copper tube, it would readily 
dissolve in the molten metal. Experiments proved a 
satisfactory wash of silica flour could be used to pre- 
vent this solution. A better technique, however, was 
developed. 


Refractory Sleeves 


Copper tubes used in aluminum castings are cov- 
ered with a woven fiber glass refractory sleeve. In the 
production of magnesium castings a woven stainless 
steel braiding serves as the covering material. These 
refractory sleeves serve a three-fold purpose: 1—pre- 
vent solution of the pipe; 2—minimize blows off the 
pipe; and 3—serve as proof of pipe removal. 

After the copper tube has been bent to the desired 
shape, the flexible refractory sleeve is slipped over 
the sleeve ends and firmly fixed at the ends of the 
tube. The assembly is then placed in the sand mold 
(Fig. 3). Sometimes steel core prints are attached to 
the tube ends for a firmer location of the tube in the 
mold. Setting the tube assembly into an oil sand core 


Fig. 2— Simple fixtures are used 

to bend tube to shape, then it will 

be sheathed with a fiber glass or 
braided stainless steel sleeve. 
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Fig. 3 — Assembly shown in mock- 

up will look like this when in- 

serted in the mold. Plaster fixture 
substitutes for mold. 


is preferable to green sand. It may then be located 
with the desired metal wall around the tube, and the 
entire core assembly is then placed in the mold. Care 
is taken to keep the tube assembly clean of oil, core 
paste, or anything that might form gas when molten 
metal contacts it. 

The metal is cast in the usual manner, Generally, 
the tube volume is too small to produce any notice- 
able chilling effects. Bosses are cast on the castings at 
the tube prints. After the castings have been shaken 
out, the tube ends are opened. Air is passed through 
the tube to be sure of a complete passageway. (Some- 
times the tubes are filled with dry sand prior to 
placing in the mold.) (Fig. 4.) 

The tube-cores are now removed by an acid- 
solution technique. Where the tube leaves the cast- 
ing, a bottom-pour polyethylene bucket of about ten 
quart capacity is attached with flexible plastic tubing. 
In the case of aluminum castings, copper tubes are 
dissolved with a 70 per cent concentrated nitric acid. 

The acid is gravity-fed. At one time, small stainless 
steel centrifugal pumps were used but the motors 
corroded rapidly. The reaction, Cu + 2HNO,; = 
CuNO, + NO, + H,O is very rapid and is in- 
creased by heating the acid in hot water. 

The nitrous oxide gas formed is particularly nox- 
ious and should be avoided. Consequently an air 
washing hood was constructed to eliminate any acid 
fume problem. 

The NO, gas coming out of the casting serves as 
an indicator of the presence of copper tubing in the 
casting. When it appears that the copper tubing has 
all been dissolved, the system is flushed with water. 

Since the fiber glass sleeve extended beyond the 
print of the copper tube, it extends outside the cast- 
ing at both ends. After the water flushing operation, 
the sleeve is easily removed by manually pulling it 
out. The removal of the copper tube in rather simple 
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cored passageways has sometimes been accomplished 
manually without the use of the acid wash. 

The fiber glass sleeve is not affected by molten 
metal or the acid wash. Removal and inspection of 
the sleeve is definite proof of tube removal. Radio- 
graphs are not needed to determine clean holes. 


Magnesium Castings 


In the production of cored passageways in mag- 
nesium alloy castings, the process is essentially the 
same with two exceptions. The sleeve used in stain- 
less steel braiding. In order to prevent solubility of 
the magnesium alloy casting, the acid solution is ap- 
proximately one half 70 per cent nitric acid and the 
other half 70 per cent hydrofluoric acid. The latter 
passivates the magnesium, and the nitric acid dis- 
solves the copper tubing. The usual necessary pre- 
cautions in handling hydrofluoric acid must be 
practiced. 

Fiber glass sleeves are not used because they may 
be partially dissolved by the HNO;-HF mixture. The 
partial solution of the fiber glass tends to plug the 
hole and slow the flow of acid. 

The stainless steel sleeve is not affected by the 
acid and has the property of reducing in size. Thus 
a sleeve that will fit over a *,-in. copper tube may 
be easily withdrawn from a 14-in. hole, if the occasion 
arises. 

Size Limitations 

The tube method of coring is only used when an 
oil sand core will not do the job. The normal prob- 
lems involved in coremaking, such as putting in 
wires, use of vents (both removable and wax) and 
pasting or booking halves together, are magnified 
when making small diameter cores. 

Even if the small diameter sand core can be made 
by a coremaker, handled in the foundry, and set into 
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the mold, core blows may defeat the casting opera- 
tion. This seems to be more of a problem in mag- 
nesium castings, presumably because of the added 
hazard of skin effect from fluoride films on the sur- 
face metal. Such problems as opening of core seams 
and removal of core reinforcing’ wires are en- 
countered. 

The use of copper tubing eliminates many core- 
making problems. With the proper fixture design, 
bending of the tube may be done with relatively 
unskilled help. Core breakage in handling is non- 
existent. The core retains its intended position in 
the mold because of its rigidity. At the pouring tem- 
peratures of aluminum and magnesium alloys (gen- 
erally 1200-1600 F), the tube is quite ductile. This 
ductility allows the tube to contract as the metal 
solidifies and the casting shrinks with the tube pas- 
Sageway to a smaller size. 

The copper tube holds its intended position much 
better than a stainless steel tube. This may arise 
from the increased ductility of copper at elevated 
temperatures, compared to relatively small changes 
in physical properties of stainless steel at elevated 
temperatures. 

Many of the tube-cored passageways are as small 
as }- and %4,-in. diameter. Such diameter are diffi- 
cult to produce in sand. The core length in these 


CorING OF ALUMINUM AND MAGNESII \ 


Fig. 4— Sectioned aluminum al- 
loy sand castings shows 48-in. long 
continuous cored passageway fol- 
lowing contour of casting. Core 
diameter is %4-in. 


sizes runs to about 16 in., although this is not the 
limit on length. As the length increases, the diameter 
of the tube may increase. There appears to be no 
size limitation on the larger diameter tubes. Larger 
cores, however, are less expensive in sand. 


Cost of Operations 


On sand cores that are easily made and where 
scrap is low, the tube core is not considered because 
of costs. However with the tubes, castings are being 
cored that cannot be made by conventional methods. 
Where an area of comparison exists, the tube method 
may be lower in cost due to elimination of core 
breakage. 

Small diameter sand cored castings are zyglo in- 
spected in the rough because of the prevalence of 
core blows. After using tube-cores for several months, 
preliminary zyglo was discontinued because blows 
were non-existent. 

The removable tube method of coring aluminum 
and magnesium alloy sand castings may be regarded 
as an adjunct to conventional sand coring. It will 
not replace sand core and machine drilling methods, 
especially where machine drill jigs are already in use. 

The removable tube method of coring has proven 
of great interest to design engineers in the aircraft 
industry. The method permits greater freedom in 
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designing passageways for transmitting oil, fuel, cool- 
ant and hydraulic fluids. Passageways may be inter- 
nally “‘w: ~pped” around a large cylinder in one un- 
interrupted line. Fluid lines do not have to be hung 
on exteriors of cast components; they may be an 
integral part of the component, going in many di- 
rections and assuming varying shapes. 

The tube method of coring also helps to eliminate 
weight since the cast component is made to contain 
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intricately shaped fluid lines for unrelated distribu- 
tion of different fluids. Permanent, cast-in stainless 
steel tubing is-eliminated, with favorable weight re- 
duction. 

Because of adaptability of the removable tube-core, 
increasing use of this method of coring aluminum 
and magnesium alloy sand castings is expected to 
satisfy what has, heretofore, been called the “impos- 
sible” coring requirements. 








MATERIALS HANDLING IN THE FOUNDRY 


By 


Ralph A. Petersen* 


It has been estimated than 25 per cent of all labor 
cost in the manufacturing trades are brought about 
by the handling of materials. This figure refers to 
industry as a whole. The foundry industry is well 
above the average; therefore, the foundry industry 
has the most to gain from the techniques that have 
been developed in material handling. 

Captive foundries and most larger jobbing found- 
ries have recognized for some time that much of 
their labor costs are caused by the handling of 
materials. These foundries have taken steps such as 
forming industrial engineering departments or del- 
egating the materials handling problems to certain 
individuals within their engineering organizations. 
Since these larger foundries appear to be better 
equipped financially, and with manpower to cope 
with the problem, this paper is primarily directed at 
the smaller and medium shops. 

Generally, the factors affecting materials handling 
are fundamentally concerned with plant layout. Fre- 
quently, by a thorough analysis of the movement of 
materials, needless handling operations can be elim- 
inated. Therefore, the first step in the analysis of 
any material handling project must be the careful 
consideration of the flow of materials through the 
various foundry operations. The solution of the 
handling problem may require the re-location of 
some of the existing facilities, and, re-arrangement 
of the plant layout. 


Analyzing the Problem 


To plan a material handling system which will 
come nearest to being the most suitable, practical 
and economical, a definite set of contributory fac- 
tors must be examined and co-ordinated. Many of 
these factors are overlooked or by-passed; conse- 
quently recommendations are based largely on super- 
ficial observation. A_ scientific analysis of the 
materials handling problem will usually reveal the 
fallacies in superficial conclusions. 

For example, a recommendation that a conveyor 
be placed in the core room, without analyzing the 
frequency and permanence of the use of that con- 
veyor, does not take into account the possibility of 
greater over-all benefit to be derived from using 
equipment of greater mobility or flexibility. 


*District Manager, Pangborn Corp., Birmingham, Ala. 
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It is a necessity that all factors pertaining to a 
materials: handling problem must be analyzed and 
co-ordinated as accurately as in making of castings. 

It is well to keep the following in mind when 
analyzing the materials handling problems: 


1. Once money is expended in handling mater- 
ials it is gone forever. 

2. Greater economy is obtained as the ratio of 
equipment investment to unit of material 
handled is reduced. 

3. Economy in materials handling is obtained as 
the size of the handled unit is increased. 

4. Economy is determined by performance, 
which is measured by comparative expense 
per unit of material handled. 

5. The determination of the best practice under 
particular conditions is necessary to maximum 
economy. 

6. Economy is obtained when equipment and 
methods are replaced by new equipment and 
methods if the replacement expense is exceeded 
by economies effected within a reasonable time. 

7. Economy in materials handling is obtained 
by the use of equipment and methods that 
are capable of a variety of uses or appli- 
cations. 

8. Economy is obtained as the speed of the 
materials handling equipment is increased, 
provided the cost of increased speed is ex- 
ceeded by the savings. 

9. The productivity of equipment is increased 

if repairs and replacement are anticipated. 

Productivity is increased as safe working con- 

ditions are provided. 

. Productivity of men is increased as fatigue is 
reduced by provision of mechanical handling 
equipment. 

12. Economy is obtained 
moved by gravity. 

. The unit expense of materials handling in- 

creases as the quantity to be transported ex- 

ceeds the equipment capacity. 

The experiences and ideas of everyone in the 

organization should be utilized. 


10. 


when materials are 


14. 


The tool most useful in analyzing the materials 
handling problem is the “Flow Process Chart.” A 
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flow process chart is a graphic representative of the 
sequence of all operations, delays, and transporta- 
tions, inspections, and storages occurring during a 
process or procedure. It also includes information 
considered desirable for analysis such as time re- 
quired and distance moved. 

A master flow process chart should be prepared, 
starting with the incoming raw materials and fol- 
lowing completely through the foundry operation 
until the castings are shipped. Much of the neces- 
sary information to analyze the problem will be 
readily available. 

The next most important tool is a reasonably 
exact plant layout drawing, preferably drawn to a 
y-in. = 1.0 ft scale. The relative position of the 
various storage locations and equipment locations 
with flow lines superimposed are shown on. this 
layout. A study of this will bring out the geographical 
aspects of the handling problem. 

Lastly, a good stop watch is needed, preferably 
one calibrated in .01 of a min. 


A Case Study 


Materials handling problem-solving is a detailed 
operation, and may be presented accurately by a 
hypothetical case history. 

This is a condensed approach that may fit small 
shop needs. Assume a plant layout has been thor- 
oughly studied, and all possible improvements have 
been noted. A master flow process chart of the 
present operation has been prepared. The plant is 
now ready to begin its analysis. 


Receiving of Raw Materials 

The flow process chart shows that is costs more 
than eight man hrs to unload a gondola car of coke. 
This is a hand unloading operation, done with 
pitch forks. A close analysis will point out the fol- 
lowing courses of action can be taken. 


I1—Have the coke shipped in hopper cars to be 
positioned over a hopper under the track that 
discharges on to an inclined belt conveyor. The 
belt conveyor will run to, and discharge on, the 
coke storage area. This arrangement will cut un- 
loading time approximately four man hrs, but 
requires an expenditure of about $4,000. 

2—-A bridge crane is owned by the plant, so it 
could use a clam shell for unloading. This would 
greatly speed up the unloading, but would result 
in coke breakage. There would be no capital 
expenditure since a clam shell also is available. 

3—Investigation shows it is possible to have the 
coke shipped in coke container cars, 12 con- 
tainers to a car. These containers to be picked 
up with the bridge crane, positioned over the 
coke pile and the bottom release, allowing the 
coke to fall through. This arrangement will per- 
mit an entire 30-ton car to be unloaded in about 
35 min. Allow little, if any, breakage in this 
operation. Use of capital funds is not required. 


The next item of excess handling that appears 
on the flow process chart is sand unloading. At 
present, several men equipped with shovels and 
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wheelbarrows are needed to unload sand. Sand is 
received in box cars and loaded with shovels into 
wheelbarrows, “64 cu ft. It is transported 75 ft 
(round trip of 150 ft) to the sand storage bins. 
The operation is costing about 18 man hrs a box 
car. Analysis and investigation offer the following 
courses of action: 


1—Install, adjacent to the sand bins and under the 
track siding, a hopper and belt conveyor. Have 
the sand shipped in hopper cars and as these 
cars arrive, position over the sand hopper. By 
releasing the catch, gravity feeds to the belt con- 
veyor below. The belt conveyor will feed to a 
bucket elevator, that will feed to new sand silos. 
This arrangement will completely eliminate all 
labor, but will require considerable capital ex- 
penditure. 


2—Purchase a portable power belt conveyor, long 
enough to reach the sand storage bins. Have the 
men shovel the sand directly on the belt con- 
veyor, thus eliminating the long wheelbarrow 
trip. From the plant layout it is noted that this 
conveyor would have to be extremely flexible in 
order to negotiate the turns and also quite long. 
The cost will be quite high. 


3—Provide a payloader of about 12 cu ft cap to 
unload sand. This equipment could be run di- 
rectly into the box car from a loading dock (to 
be constructed), pick up a bucket of sand and 
transport to the sand bins. The payloader will 
carry three times as much sand as the wheel- 
barrow, and require only 14 the time to make 
a round trip to the sand bins. This reduces an 
18 man hr job to about two man hrs. The equip- 
ment is versatile and flexible, allowing its use 
on many miscellaneous jobs in the foundry. 


The bagged materials are causing excessive han- 
dling. Bagged materials are received by trailer truck. 
The trailer is positioned as close to the storage 
areas as possible. Two men on the truck place the 
individual bags on a gravity roller conveyor that 
runs into the bag storage area. Two men in the 
bag storage area remove the bags and stack them 
on the floor. 

When materials are needed, two men with a four- 
wheel handcart place the bags, one at a time, on 
the cart. The cart is wheeled to the operation and 
bags are removed, one at a time. A sufficient supply 
for a few days run is stacked on the floor around 
the operation. It is observed over a period of time 
that, due to this method of stacking and handling, 
there is as much as 8 per cent to 9 per cent breakage 
and spillage. Investigation and analysis offers the 
following suggestions: 


1—Continue to have bagged materials shipped in by 
trailer truck, however, have the two men stack 
the bags on pallets on the tail gate of the truck. 
Pick up the unit load with a fork lift truck (to 
be purchased) and run into the storage area. 
Stack unit loads in storage area. As material is 
required, the fork truck will pick up a unit load 
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and deliver to the operation, thus cutting un- 
loading by about 25 per cent, and the delivery of 
materials from storage by about 6624 per cent. 

2—Have bagged material shipped in carload lot 
(box car). Remove and store as from trailer. 
This will permit taking advantage of greater 
quantity discounts and lower freight rates. This 
requires larger storage facilities. 

38—Have bagged material shipped in palletized unit 
loads by box car. This permits the quantity dis- 
counts, reduced freight rate, and permits a fork 
lift truck and driver to handle the entire opera- 
tion. This requires the addition of a fork truck, 
loading dock and larger storage facilities, but 
will result in about an 80 per cent reduction in 
unloading and about 6624 per cent reduction in 
delivery from storage. 


Core Room 

Analysis discloses that 16 man hrs per day are 
spent preparing and delivering core sand. The op- 
erator mulling the sand is utilizing only about 70 
per cent of his time mulling sand. A second man 
is delivering sand to the various core benches and 
roll ovens by wheelbarrow. At each core making 
station this man shovels the sand into the core sand 
storage hopper. The delivery man’s time is being 
utilized about 70 per cent. Investigation offers the 
following suggestions: 


1—Discharge the core sand from the muller into a 
bucket elevator. The bucket elevator in turn, dis- 
charges on an overhead belt conveyor. The belt 
conveyor, running over the core sand hoppers, 
is automatically discharged by diagonal plows 
controlled by the muller operator. Although this 
arrangement eliminates the core sand delivery 
man, it is an extremely expensive installation. 

2—Discharge core sand into a container. Core sand 
picked up by a 12 cu ft payloader and delivered 
to core sand storage hoppers. This arrangement 
will eliminate the sand delivery man, but ties 
up a man and a payloader for several hours a 
day. 

$—Discharge directly into a bucket elevator. The 
bucket elevator discharging directly in a hopper 
suspended from a monorail. The monorail is 
mounted over the sand storage hoppers. After 
each batch is prepared, muller operator hand 
propels hopper lorry over core sand storage hop- 
pers, discharges sand, and returns with empty 
lorry car to prepare next batch of sand. 


The next item of excessive handling in the core 
room is the delivery of the green cores to the core 
ovens. At present, a large core rack is stationed be- 
side each bench and roll over. As cores are made 
they are placed on these racks. As the core racks 
are filled they are picked up by a hand propelled 
hydraulic lift truck. One man pulls as two men push 
the racks to the core ovens. 

Because of a rough floor condition in front of 
our large core ovens, it is often necessary to use as 
many as six men to move the core racks into the 
oven. Only one of the above men is regularly as- 
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signed the task of moving core racks, so it is ne 
essary to recruit the aid of core makers, core as 
semblers, the muller operator, and sand deliver 
man when moving racks. The following are sug 
gestions offered: 


1—Re-arrange -core room layout placing roll-over: 
and benches on either side of the powered bel: 
conveyor. As cores are made they are placed o1 
the belt conveyor and travel to the vicinity of th 
core ovens. Here cores are placed on the cor 
racks. As a sufficient number of racks of equa! 
baking time are accumulated, the man unloading 
the belt, with the aid of an electric low-lift 
walkie platform truck, places the racks in the 
ovens. 

2—Make no changes in the present layout, but pur 
chase the electric low-lift walkie platform truck 
to aid in moving racks. This eliminates interrupt- 
ing other core room help. Of course, the floor 
in front of the one oven is to be repaired. 

3—Re-arrange the core room as in No. 1, however, 
purchase a 35-foot tower oven to be loaded di- 
rectly from belt conveyor. From the information 
on the master flow chart it is found that 90 per 
cent of our cores could be handled in the batch 
type oven. 


The core room has one additional excessive han- 
dling problem—that of transporting cores to the 
molding department. After cores have been baked, 
they are allowed to cool over night. There is a 
shortage of core racks, so the cores are removed early 
in the morning and placed on the floor. 

As the cores are needed in the molding depart- 
ment a core delivery man, equipped with a two- 
wheel core tray cart, picks up the needed cores and 
proceeds to the molding area. Upon arrival at the 
molding area, the cores are stacked on the floor. 
The breakage is high, not to mention the confusion 
in finding the correct cores. Recommended sug- 
gestions: 


1—Provide a sufficient number of racks so cores 
will not be placed on the floor. After cores are 
cleaned and assembled, replaced on racks and 
transported by fork lift truck to molding area. 
Allow racks to remain until cores are used. Re- 
turn empty racks for re-use. This will speed up 
handling, reduce breakage, and reduce the con- 
fusion in locating correct cores. 

2—Provide sufficient racks as in no. | above, how- 
ever, use a low-lift walkie truck to transport the 
rack. This will result in the same advantage. 


Metal Handling 


It is found on the master flow chart that a 20 to 
25 ton a day melt is costing five man days to pre- 
pare and charge the cupola. 

The present method of charging is as follows: 
Early in the day, prior to lite off, four men and a 
crane operator are employed in raising coke and 
metal to bins located on the charging floor. This 
requires about three to four hrs per melting day. 
After the cupola is bedded in, the four men are 
employed in charging cupola with wheelbarrows. 
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[he crane operator supervises the weighing and 
recording the balance of the eight hr shift. The fol- 
lowing suggestions are made: 


|—Completely revamp the charging system to re- 
move present bridge crane (bridge portion only), 
suspend a monorail system running in front of 
material bins, and suspend a motorized weight 
trolley from monorail. As drop bottom buckets 
are charged (2 men), items are weighed. Pro- 
vide a monorail crane (1 operator) on the 
charging floor level, this to pick up bucket, run 
into cupola and charge. This will result in about 
a 12 man hr charging cost. 

2—Make no change in bridge crane arrangement, 
but provide a scale for crane hook and drop 
bottom buckets. Use two men to charge buckets 
on ground level, weighing materials as they are 
placed in bucket. Crane operators move bucket 
from bin to bin, and after it is full to charging 
floor. On the charging floor construct a simple 
monorail and counter balance electric lift. A 
fourth man will pick up the charged bucket, run 
it into the cupola, discharge and return the 
bucket. This arrangement will result in about 16 
man hr charging cost. 


Molding 


From the master flow process chart, it is found 
the plant is spending an excessive amount of time 
transporting molding sand from muller (a distance 
of about 150 ft) to jolt squeeze machines. The plant 
is spending about 50 per cent of the molding labor 
shoveling sand into the flasks. 


The present operation is—molding sand is dis- 
charged from the muller into bins located on either 
side of the muller. Two payloaders pick up the sand 
and deliver it to an area between the cope and drag 
machines. Each operator (4 operators) shovels sand 
into his flash and tops it off with about 50 per cent 
back-up sand. 

As the wind-row of back*up sand is used, a pay- 
loader pushes additional sand forward to the mold- 
ing machines. Two payloaders are running 8 hrs on 
the first shift, plus one payloader on a full second 
shift. This results in 24 man hrs of payloader opera- 
tion time devoted to handling sand. Not only is the 
above an extremely expensive handling operation, 
but it also results in roughly 50 per cent down- 
time on the jolt squeeze machines. The following 
suggestions present themselves: 


1—Install an overhead sand system, including me- 
chanical shake out, screening operation, greater 
capacity muller, bucket elevator and overhead 
molding machines. This will represent a con- 
siderable capital outlay, by careful purchase of 
equipment all of the above can fall within the 
limited budget. It will eliminate the 24 hrs of 
sand handling by payloader and allow the op- 
erators to spend just about full time producing 
molds. It will also permit preparation of all the 
molding sand, thereby affording a great reduc- 

tion in scrap. 
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2—Install holding hoppers, bucket elevators, and 
overhead bin hoppers at each of the four jolt 
squeeze units. Installation would run substan- 
tially less than no. | above. Payloaders to de- 
liver sand to the holding hoppers. However, by 
eliminating the shoveling by operators, produc- 
tion could just about be doubled. 


The next greatest handling problem in the mold- 
ing department is that of flask handling. The pour- 
off bays in front of each of the two units of jolt 
squeeze, cope and drag machines, are approximately 
130 ft long x 30 ft wide. Each evening as the molds 
are shaken out, by using shake out bails suspended 
from bridge cranes that cover the entire area, flasks 
are stacked on the wall side of the bay. The result is 
— flasks stacked four to five high, and average dis- 
tance of 65 ft from the molding machines. As each 
flask is required, it must be picked up by the bridge 
crane and hand propelled to a jolt squeeze machine. 
An average of 200 molds are produced in a day, so 
flasks must be moved approximately 13,000 ft during 
production. Consequently, about 16 man hrs are spent 
just to procure and position flask. Plus the confusion 
and unsafe conditions that result from the method. 
The investigation offers the following suggestions: 


1—Purchase a 4,000 Ib. capacity fork lift truck and 
several hundred 48-in. x 48-in. wood pallets. 
Eight cope and drags can be averaged on each 
of this size pallet. As molds are shaken out, 
flasks are segregated as to size and placed on 
the pallets. The palletized flasks are then stacked 
along the side of our molding bay. During pro- 
duction, the fork lift truck moves these unit loads 
of flasks to the jolt squeeze machines. This re- 
duces the distance flasks are moved to approxi- 
mately 3250 ft. Because of the faster service with 
fork truck, it will be done with 2 man hrs labor 
and fork truck time. 


2—Provide pour-off roller conveyor and power stor- 
age return flask conveyor. This would require 
about 2500 ft of gravity roller conveyor and 2500 
ft of power mechanized conveyor. However, for 
all practical purposes, it would eliminate the 
present handling labor. 


Cleaning 

Handling of the casting from shake-out to the 
cleaning facilities is extremely uneconomical accord- 
ing to the master flow chart. 

After castings have cooled sufficiently. they are 
placed in four-waeel carts. These carts are hand 
propelled to a core shake-out area adjacent to the 
blasting equipment, a distance of 450 ft. As the 
castings have their cores removed (this is also an 
area for improvement) they are ‘stacked in piles 
adjacent to the barrel blast equipment. In the morn- 
ing each casting must be picked up individually and 
placed in the skip hoist bucket and loaded into the 
blast equipment. Following blast cleaning, the cast- 
ings are allowed to fall either in a tote box or upon 
a skid. Since the plant possesses only two substantial 
tote boxes, and two or three substantial skids, these 
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castings must immediately be removed and placed 
in piles on the floor. 


Each grinder operator, with the aid of an over- 
head bridge crane, individual jibs, or hand propelled 
four-wheel carts, procures sufficient castings for sev- 
eral hrs work. Upon the completion of chipping 
and grinding, each grinding operator, with the aid 
of the above equipment, transports the finished cast- 
ings to a pre-shipping storage area. 

The grinder operator attempts to segregate cast- 
ings after a fashion, but the attempts are not too 
successful. This results in confusion when attempt- 
ing to ship castings. The following suggestions are 
offered: 


1—Provide tote boxes and pallets (for larger cast- 
ings) for castings to be placed in after shake-out. 
Provide a fork truck to move these tote boxes 
of castings to the core shake-out area. This should 
speed up handling to the cleaning area by about 
three times. As cores are shaken out of the cast- 
ings, they are replaced in the tote boxes or on 
the pallets and moved as unit loads to the barrel 
blast. The entire tote box is inserted in a special 
skid hoist rig preventing another handling op- 


TABLE 1] — RECAPITULATION OF PROBLEMS, WITH 
RECOMMENDATIONS 





Problem Recommended Solutions 





HANDLING OF RAW MATERIALS 


1. Coke a. Hopper Cars 
b. Clam Shell Bucket 
c. Container Cars 
2. Sand a. Sand Hopper and Conveyor 


i 
LY 


. Conveyor 

. Payloader (12 cu ft) 

. Trailer Truck and Fork Truck 
. Box Car and Fork Truck 

c. Unit load in box car and Fork 
Truck. 


2» 0 


3. Bagged Materials 


~ 
7 


Core Room 


1. Core Sand to Production a. Bucket Elevator and Overhead 
Conveyor 
b. Payloader (12 cu ft) 
c. Bucket Elevator and Hopper, 
Monorail 
2. Cores to Baking a. Powered Belt Conveyor 
b. Electric Walkie Truck 
c. Belt Conveyor and 35 ft Tower 
Oven 
3. Cores to Molding a. Fork Truck 
b. Walkie Truck (Electric) 


METAL 


1. Charging of the Cupola a. Complete by Revamping 
. Monorail Arrangement 


—_ 
Y 


MOLDING 
1. Sand to Molding a. Complete System 
b. Partial System 
2. Flasks to Molding a. Fork Truck 
b. Roller Conveyor 
CLEANING 
1. Casting Handling a. Unit Loads and Fork Truck 
b. Roller Conveyor 
SHIPPING 


. Fork Truck and Loading Dock 
. Fork Truck and Elevating De- 
vice 


ox 
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eration. Upon completion of the blasting opera- 
tion, the castings are allowed to fall into the 
same tote box. These tote boxes or pallets of 
castings are then transported to a pre-grinding 
storage area to await chipping and grinding. As 
a grinder operator finishes a unit load of casi- 
ings the fork truck picks up and transports work 
to his bench and removes finished work. The 
finished work is transported to the pre-shipping 
storage area and cataloged as to customer. From 
studies, the above arrangement will result in 
about a 20 per cent increase in operators grind- 
ing and chipping time, reduce storage areas, and 
reduce confusion. 


2—The other alternative at this time, is the use of 


gravity roller conveyor between the various op- 


TABLE 2— RECOMMENDED SOLUTIONS 





HANDLING OF RAW MATERIALS 
1. Coke Handling 


It is decided to use recommendation no. Ic since there 
is no capital equipment to be purchased, and the total 
man time can be reduced from 8 man hrs to approxi- 
mately 35 min, the plant will make use of coke container 
cars. 


2. Sand Handling — combine with handling of sand to mold- 


ing. 


3. Bag Handling — combine with flasks to molding. 


Core Room 
1. Core Sand to Production 


Recommendation no. Ic is decided upon because this 
permits elimination of all other labor, and is relatively 
inexpensive. Also it permits the plant to place the muller 
operator on a sound incentive plan now that he has a 
full work load. 


2. Core to Baking — combine with Cores to Molding. 
3. Cores to Molding 


It is decided that the purchase of one electric-powered, 
low-platform walkie lift will make it possible to combine 
the handling of green cores to the coke ovens and the 
handling of cores to production (no. 3b). Only one man 
and one piece of equipment will be used. In addition, 
there is only a low capital outlay, but one that reduces 
handling by one full time man, as well as eliminating 
the interruptions to direct labor. 


METAL HANDLING 


1. Charging of the Cupola 
Suggestion no. la will result in the greatest savings and 
permit a greater cupola charging capacity, if needed. 
This recommendation does not require as great a capital 
outlay and affords a reasonable reduction in manpower. 


MOLDING 


1. Sand to Molding 

Suggestion la is decided upon. This is much more ex- 
pensive than suggestion no. lb, but it is felt that aside 
from the handling benefits the plant will reap, the vast 
improvement in sand practices would, alone, justify the 
expenditure. In addition, the above would release two 
payloaders for other work. One would be used to unload 
new sand and the other could be sold. 


2. Flasks to Molding 


Suggestion no. 2a since this will substantially reduce the 
handling at the lowest possible cost. Because the fork 
truck will not be utilized full time, it may also be used 
to unload palletized unit loads of bagged material, thus 
solving this problem. There should still be sufficient avail- 
able time for miscellaneous handling of waste materials. 


CLEANING 


1. Casting Handling 
Suggestion la is by far the cheaper arrangement, and will 
provide an efficient and flexible system that more than 
serves the needs. 


SHIPPING 


Suggestion b would be several thousand dollars cheaper, 
and will sufficiently solve the handling problem. 
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erations. Because of the distance involved, and the 
great expense of conveyor, this is ruled out. 


Shipping 

The present method of shipping is found causing 
excessive handling time. At present, two men are 
employed full time to segregate, record, prepare bills 
of lading, and load castings. 

The present method is — upon completion of an 
order, or when a trailer truck load of castings for 
regular customers has been accumulated, transporta- 
tion is ordered. A trailer is backed into the end of 
the foundry under a five-ton bridge crane. Castings 
are weighed and picked up with chain hooks and 
placed on the trailer. This cycle is followed until 
all castings are loaded, or a trailer has been filled. 
Investigation suggests the following: 


1—Institute the program of unit segregation loads 
mentioned under cleaning. Excavate a loading 
dock inside the end of the foundry with the low 
end arranged to accept a dock board. Pick up 
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unit load with fork truck, position in trailer, 
remove castings from pallet and return to storage 
for another.load. This would result in elimina- 
tion of one man. 

2—Use the same arrangement as in No. 1, however, 
provide a hydraulic lift device to raise the fork 
truck to trailer height rather than the dock. 


Now that a number of suggestions have been in- 
vestigated, our information is consolidated on a reca- 
pitulation sheet (Table 1). From this sheet, equipment 
and men are co-ordinated and combined (Table 2). 


Conclusion 
In conclusion—the solution of any material han- 
dling problem is to: 
1. Admit the presence of handling problems. 
2. Analyze the problems from every angle. 
3. Apply a good dose of common sense to the 
problems. 
4. Put the solutions to work. 








VACUUM DIE CASTING 


By 


David Morgenstern* 


The recent commercial application of vacuum to 
the die casting process has produced zinc and alu- 
minum castings with properties comparable to non- 
ferrous forgings. Drastic reduction in wall sections 
without losing strength has lowered costs to the point 
of making die castings competitive with stampings. 
Aluminum castings made by the process can now be 
anodized to give a durable, clear finish formerly 
unattainable. 

In the past decade a large upsurge in the use of 
die castings has been evident. Paralleling this in- 
crease in the volume of die casting production, there 
has been a corresponding increase in the many diffi- 
culties inherent to the die casting foundry. The user 
of die castings is no longer satisfied with a fairly 
simple casting having a mediocre surface finish. With 
the advent of the modern high pressure, high speed 
die casting machine, the die casting purchaser has 
become more critical in his demands for quality in 
the product. 

There have been many improvements in both the 
alloys used and in the design and construction of 
modern die cast machines. Still, certain limitations 
continue to prevail in the die casting industry in 
spite of all the improvements attained in the past 
ten years. 


Air Entrapment 


One of these limitations is entrapment of air in 
the mold during pouring. This problem is not se- 
rious in permanent mold casting. 

In pressure die casting, the extremely high speeds 
and high pressures of molten metal injection into 
the die often results in extensive air entrapment. 
The metal is broken up into a fine spray when in- 
jected through the thin gate into the die cavity. The 
spray coats the interior of the die surface. Any air 
vents that may have been put in to remove air are 
effectively sealed so trapped air cannot be expelled. 
Most of the air remains trapped as porosity within 
the casting by the rapid solidification of the molten 
metal in the die. 

In order to minimize the effects of this porosity, 
high injection pressures are introduced to compress 
this trapped air into small cavities that do not de- 
tract from the practical use of the casting. However, 


*Vice-President, Nelmor Corp., Euclid, Ohio. 
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most die castings are made up in cross section of a 
tight, dense skin, surrounding a porous structure ol 
metal and entrapped air. Porous metal is the cause 
of many difficulties such as entrapment of plating 
solutions, blisters forming during finishing opera- 
tions and lowering of physical properties. Also, 
porosity has been the reason for the non-uniform 
physical characteristics of a die casting, versus the 
uniformity of a permold casting. 

Dies for die casting are expensive to make. An 
average die casting die requires a great deal of cut 
and try work to determine the proper vents and 
overflows to minimize air entrapment. Many times 
it is almost as costly to try out and break in a die 
properly as to build a die in the first place. Adding 
overflows and changing runners to the die cavity to 
obtain proper heat balance in the die may establish 
undesirable fluid flow patterns causing further air 
entrapment. 

Caught between two opposing forces, the final de- 
velopment of die layout and treatment of the die 
is a result of a compromise which may or may not 
give the desired results. 


Previous Efforts 


Since the inception of the die casting technique, 
there has been a constant effort to use the most 
obvious tool to eliminate this problem. That is, for 
a way or technique in which to die cast with the 
dies in a vacuum. This has been done many times 
on a laboratory basis and proven to be the ultimate 
answer for the removal of trapped air. Laboratory 
experiments have shown that if the dies could be 
properly evacuated, the injection pressures needed 
to produce fine castings could be greatly reduced. 

In high-pressure machines a large percentage of 
the injection pressure is applied primarily for the 
compression of air into small bubbles in the casting 
to minimize the porosity. Consequently, injection 
pressures have been increasing and as a result, locking 
pressures have had to be made correspondingly 
greater. 

In examining the patent literature, it is found 
that practically all of the patents have centered 
around one central plan—close the dies, then by 
various means, such as slides, moving core pins or 
special valves, evacuate the die and inject the molten 
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metal into the die. Many of the schemes which look 
good on the drawing board become impractical upon 
application in actual foundry operations because of 
heat and molten metal problems. 


Hood Covers Platen Area 


In the author’s system, the approach to this prob- 
lem has been attacked from a different angle. In 
this system, a complete enclosure, or hood, is built 
around the platen area of the machine. The hood is 
built in two sections. One section surrounds the 
moving platen of the machine; the other surrounds 
the fixed platen of the machine. The mating sur- 
faces of these hoods are equipped with a suitable 
shielding device, and enough telescoping action is 
built into the hoods to allow for variation of die 
heights. The basic improvement of the hood is that 
the machine upon closing, seals the mating surfaces 
of the hood while the die faces are still some dis- 
tance apart. 

At this point the system is evacuated by an ac- 
cumulator storage tank. The die continues to close 
up and is fed with metal in a completely evacuated 
system. This hood also alleviates the necessity of 
putting shields on the die faces or worrying about 
the problem of flash or escaping metal sprays. In 
fact, the hood becomes an enclosure which adds to 
the safety and cleanliness of the operation. 

Proper access doors have been arranged in the 
hood so that hydraulic cylinders for core pulls and 
slides can be installed in the hood. The hoods are 
arranged so that by very simple locking devices the 
hoods can be removed in a matter of a few minutes 
for servicing and installation of dies. 

Precautions are necessary to prevent metal from 
being drawn up into the dies in the hot chamber 
machine, used for the manufacture of zinc alloy 
castings. A suitable valving device is built over the 
feed hole port which permits metal to be fed into 
the charging cylinder of the injection system. This 
valve is operated in cycle with the evacuation and 
injection cycles of the machine. The feed port is 
closed off while vacuum is being drawn, so no metal 
can be brought up into the dies inadvertently. 


System Is Automatic 


After the vacuum has reached the desired level, 
the metal shot is made. The vacuum is then re- 
leased by opening an atmosphere intake valve. The 
entire process is synchronized automatically with 
timers and limit switches, so that it becomes com- 
pletely automatic in operation. Commercially opti- 
mum results are obtained at a vacuum level of 15 
to 18 in. of mercury. The increment of improvement 
below 18 in. drops off rapidly and has not been 
found worthwhile. 

Because of the large size valves and orifices used, 
the evacuation cycle is very fast. It takes place in a 
small fraction of a second so that there is no slow 
down of the machine in its operation. 

Because there is no entrapped air in the casting, 
blistering of the hot castings will be minimized. Cast- 
ings can be ejected from the die after a shorter 
cooling period necessary to resist blistering, thereby 
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realizing an increase in the cycle speed of the machine. 
In practical operation, this increase in cycle speed 
will amount to as high as 25 per cent of the overall 
cycle time of the machine. Since vacuum castings can 
be heated without forming surface bubbles, it is quite 
possible that additional heat treatments to aluminum 
die castings can now be accomplished to increase 
their mechanical properties. 


Addition of Silicon 


The vacuum system, as applied to the cold cham- 
ber machine used on aluminum and magnesium, has 
brought forth another important development. The 
vacuum is utilized for the pulling up of metal di- 
rectly from the furnace into the charging cylinder. 
This expediency eliminates the need for hand 
ladling, or auxiliary automatic devices. In the ladling 
of metal into the cold chamber, there is a definite 
heat loss experienced. Without silicon this tempera- 
ture range is too short to permit practical operation, 
and the addition of silicon has made the casting of 
aluminum practical under these conditions. 

However, this additive has prevented successful 
anodizing of aluminum die castings by the reaction 
of the silicon with the anodizing process turning the 
casting black or smutty. The molten aluminum is 
oxidized in the ladling process and in the charging 
stroke within the cold chamber. The anodized cast- 
ings have an objectionable appearance due to the 
oxide inclusions and oxides in the surface of the 
casting being etched out by the anodizing process. 

Using vacuum die casting, the metal is forced into 
the cold chamber by means of atmospheric pressure. 
The interval of time needed to fill a charging cylinder 





Fig. i— Casting finish can be destroyed by the effects of air 
trapped in the mold during pouring. 
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is well under a second, so that metal can be run with- 
out any temperature loss or exposure to atmosphere. 
This makes the running of low silicon alloys practical. 

The metal is drawn from the center of the alumi- 
num holding furnace charged into the die under 
vacuum. Consequently there are no surface oxide in- 
clusions in the casting which formerly were picked 
up from the holding furnace surface or from ex- 
posure of the molten metal to air via ladling. The 
resultant casting, free of silicon and oxides, is readily 
anodizable. The finish obtained from anodizing these 
castings is equal to anodizing on sheet or extruded 
aluminum, opening up an entirely new field for 
the application of aluminum die castings. 

The effect of air compression is magnified in the 
cold chamber machine since the cold chamber ma- 
chine normally has a volume of air in the charging 





Vacuum Die CAsTIN: 








cylinder which must be compressed. By evacuatin: 
air, the injection piston speed is greatly increasec', 
giving more resultant force for compacting the met: 
into the dies. 

Test results on zinc-base alloy castings, taken from 
castings made alternately under vacuum and unde; 
conventional method, show marked improvemen: 
as demonstrated in Table 1 and subsequent pho 
tographs. 

Figure | shows results of air entrapment brought 
out by heating the casting just below the melting 
point which allows entrapped air to blister out. Both 
castings, vacuum and non-vacuum were heated to- 
gether. Figure 2 — comparative air entrapment bub- 
bles under 50 magnifications. Comparative photomi- 
crographs of sections of vacuum and non-vacuum 
castings are shown in Fig. 3. This demonstrates not 


Fig. 2— Photomicrograms (X50) 
showing porosity of identical sec- 
tions of castings. Top — non-vacu- 
um; Bottom — vacuum. 
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Fig. ¢— Hood around dies on 


400-ton 
shield 
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Fig. 5— Atmospheric pressure 
pushes molten metal directly from 
furnace into vacuumed dies on 














this 400-ton machine. 
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TaBLeE | — ALLoy Die CasTINGs A typical 400 ton die casting machine equipped for ; 
(4% Al—0.049 Mc — Bat Zn) cold chamber vacuum casting appears in Fig. 5. 
TENSILE STRENGTH 
— - Summary I 
NON-VACUUM VACUUM Lyte nee 
37.400 psi. 11,100 psi. Not only have the physical properties of castings 
10,600 psi. 43,500 psi. been improved but the variation of results in runs ' 
37,400 psi. 44,100 psi. of castings are stabilized when made under vacuum. 
ee = aaa _— Die castings produced under vacuum now more 
«7,0 psi. a, psi. * so f R i sd 7 a V 
29,200 psi. 42,000 psi. nearly approach the constancy, or physical charac 
Average teristics, of a non-ferrous forging. 
36,100 psi. 42,866 psi. Due to the higher physical strengths in vacuum 
Rockwell H castings, the wall stock of castings can be materially ; 
nine Average of Six las decreased. This saving in weight and cost in produc- : 
4. 15.2 ; . : , 
f ts F tion, tends to make die castings economically com- 
Weight Relationship = ah i Paste. ‘eal f field no | 
Average of Six petitive with stampings and opens new fields to the 
150.50 grams 151.38 grams designer. Where previously wall sections in zinc ran 
a - . ~ » ” . J ° C 
Per cent increase in weight from 0.050 to 0.070 in., and aluminum from 0.080 : 
of vacuum casting to 0.100 in., these wall sections can now be dras- 
5807 . . . . 
eke tically cut without losing any physical strength. | 
Castings were made by a 400-ton hot chamber die casting ma- The application of anodizing to give colors or a a 
chine operating at 700 psi hydraulic pressure. Tests were taken aibie clene Mietih | ‘ die ° “pipes c 
from castings run alternately under atmosphere and under 16 cura ate clear finish to a eee 1€ casting, 1s an 
to 18 in. of mercury vacuum gauge reading. These tests were important development of this process. The eco- 
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performed on panels cut from the surface section of a die cast- 
ing with 0.045 in. wall section. 





only the porosity decrease, but also the denser grain 
size of the vacuum casting. 

Figure 4 is a picture of a 400-ton die casting 
machine, equipped for hot chamber vacuum casting. 


nomics of running a die casting machine are im- 
proved by the increased speed of operation made 
possible by this use of vacuum. 

With this new development, the future of die cast- 
ing should continue to expand and take an even 
more important position in the metal working in- 
dustry. 
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STATUS OF THE TECHNOLOGY 


FOR CASTING TITANIUM 


G. H. Schippereit,* R. M. Lang,* and J. G. Kura* 


Introduction 

The first serious interest in titanium was started 
in about 1946. Metallurgists reasoned that the high 
melting point of titanium, 3140 F, might make it ap- 
plicable for service at elevated temperatures. In ad- 
dition, the low density of titanium, approximately 
40 per cent that of stainless steel, added to the 
interest in this metal. 

The potentiality that titanium might possess a 
high strength-to-weight ratio for use at elevated tem- 
peratures made it appear particularly attractive for 
military aircraft, especially the jet planes designed 
for supersonic speeds. 

At the outset, it was logical that our government 
would subsidize programs to accelerate the develop- 
ment of this new metal. It was also logical that con- 
centrated effort would be directed to the establish- 
ment of a titanium industry to supply sheet and 
other wrought products. 

The industry for production of wrought titanium 
products is fairly well established today. A casting 
industry has not yet been established primarily be- 
cause of the much smaller research effort that has 
been given to it. However, sufficient research has 
been done to indicate that there is a sound met- 
allurgical basis for the establishment of a titanium 
casting industry. 

The melting and casting of titanium is compli- 
cated by the necessity of excluding air from the 
melt. Molten titanium dissolves oxygen and _nitro- 
gen very rapidly and, when contaminated in this 
manner, it becomes hard, brittle, and difficult to 
machine. Of the noble gases that do not react with 
molten titanium, only helium and argon are com- 
mercially available in a sufficiently pure state. 

The melting process is complicated further be- 
cause molten titanium reacts with or dissolves all 
known refractories. When refractory oxide crucibles 
such as silica, alumina, magnesia, or zirconia are 
used for melting, the crucibles are severely eroded. 
The titanium becomes so contaminated that it loses 
all its desirable mechanical properties. 


*Battelle Memorial Institute, Coltimbus, Ohio. 
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Graphite as a crucible material resists the chem- 
ical action of molten titanium better than the re- 
fractory oxides, but still some graphite is dissolved. 
Titanium melted in graphite crucibles usually picks 
up about 0.35 to 1.0 per cent carbon. As shown in 
Table 1, small amounts of carbon drastically reduce 
the ductility and increase the hardness and strength 
of cast titanium.1 

The reactivity of molten titanium with all known 
refractories has been a serious deterrent to the de- 
velopment of casting processes for titanium. Conse- 
quently, the development of processes for making 
titanium castings has lagged far behind the develop- 
ment of processes for melting titanium ingots and 
fabricating them into wrought products. Titanium 
ingots are made by melting layers of titanium in 
a consumable electrode in a water-cooled copper 
crucible with solidification occurring from the bot- 
tom toward the top during melting. 

Castings can be made only by pouring a molten 
pool of titanium into a mold. Even with this addi- 
tional complication in the melting process, much 
has been learned about the casting of titanium, and 
suitable commercial processes are gradually being 
evoived. 

Commercial Process 

A commercial process has not yet been developed 
for production of titanium castings capable of meet- 
ing close specification requirements with regard to 
shape, dimensional tolerances, finish, high strength 


with adequate ductility, and freedom from deleter- 
ious contamination. Industry and government have 


TABLE 1 — RELATION OF CARBON CONTENT 
To TITANIUM PROPERTIES 





Carbon Content, wt 


per cent 0.04 0.25 0.70 
Tensile Strength, psi 70,000 90,000 91,000 
Elongation, per cent 

in 1.4 in. 28 9 2.5 
Reduction of 

Area, per cent 40 11 1.5 
Hardness,* Bhn 158 182 217 
*3000-Kg load 
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conducted a limited amount of research to develop 
a suitable casting process. The fields of investigation 
covered in part by such research were: 


1) Melting furnaces that produce a large, uncon- 
taminated pool of metal for castings. 

2) Mold materials that produce uncontaminated 
castings with a smooth finish. 

3) Alloys with good castability and improved me- 
chanical properties. 


Significant progress has been achieved in each 
of these fields. 


Consumable-Electrode Furnaces 

The Bureau of Mines Experimental Station in 
Albany, Ore., has succcessfully cast titanium breech 
blocks weighing up to 75 lb in molds machined 
from graphite. The melts for these castings were pre- 
pared in a consumable-electrode, skull-melting fur- 
nace in which a water-cooled copper crucible was 
employed. The large molten pool of metal, for cast- 
ing, is actually contained in a solid skull of tita- 
nium within a water-cooled copper crucible. Very 
rapid melting is accomplished by the use of high 
current density and reduced pressure. Consumable 
electrodes for the skull furnace can be made from 
compressed sponge, titanium ingot, or pieces of 
titanium scrap welded together. Melts weighing up 
to 100 lb have been poured with adequate super- 
heat to insure sound castings. This type furnace 
appears to be promising for titanium casting. 


Fixed-Electrode Furnaces 


Fixed-electrode, skull-melting furnaces have also 
been used for preparing titanium melts weighing as 
much as 100 lb. Graphite and oxide crucibles have 
been employed to hold the solid skull of titanium 
in fixed-electrode furnaces. These furnaces are not 
so satisfactory for casting titanium as furnaces that 
employ a consumable electrode because it is difficult 
to obtain adequate superheat in the melts. In addi- 
tion, the melts may be contaminated by the elec- 
trode or the crucible supporting the skull. 


Induction Melting 

Induction furnaces are being employed for cast- 
ing titanium, but the melts are usually severely con- 
taminated by the graphite crucible. Induction- 
melted titanium with high-carbon content has been 
used for casting corrosion-resistant valves and pipe 
fittings, but in these applications good ductility was 
not of major importance. A limited amount of re- 
search by Watertown Arsenal on 5-lb heats, induc- 
tion melted in a graphite crucible with high-inten- 
sity electrical field, suggests that it may be possible 
to produce titanium castings with carbon contents 
ranging from 0.066 to 0.15 per cent. 


Machined Graphite Molds 

At the present time, the best molds for producing 
sound, smooth titanium castings with a minimum 
amount of surface contamination are those ma- 
chined from solid blocks of graphite. The maximum 
depth of surface contamination in castings from 
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machined graphite molds is about 0.010 in./in. of 
section thickness. This contamination causes an in- 
crease in the surface hardness of only 20 Knoop 
hardness units for sections l-in. thick. Machined 
graphite molds have the disadvantage in that they 
are expensive, are apt to have a short life, are apt 
to produce laps or rippled finish on castings, and 
the variety of mold cavities obtainable is limited. 
Graphite molds having adequate draft, absence of 
re-entrant angles in a single piece, and expendable 
inserts in areas subject to erosion or tearing have a 
life of about 50 castings. 


Expendable Molds 

Small, sound titanium castings with a good sur- 
face finish have been made in expendable molds 
composed of refractory oxides or graphite powder. 
Four different types of expendable molds have been 
used with some success;! shell molds,? baked sand 
molds,? rammed graphite molds, and4+ investment 
molds. The shell, rammed graphite, and investment 
molds have been the most satisfactory. 


Surface Contamination 

All titanium castings made in expendable molds 
are contaminated to a greater depth than castings 
made in machined graphite molds. The depths of 
contamination range from 0.016 to 0.060 in., de- 
pending on the section thickness of the casting and 
the type of mold material. With present expendable 
mold materials of refractory oxides, it is difficult 
to obtain good surface finishes on titanium castings 
with section thicknesses greater than 14-in. As the 
section size of the casting is increased, the amount 
of mold reaction increases with a consequent rough- 
ening and pin-holing of the surface. Castings from 
expendable molds made of graphite base have not 
exhibited any evidence of mold reaction in sections 
up to at least | in. 


Precision Castings 

Small precision castings of titanium have been 
made successfully in oxide investment molds, but 
the surface roughness was greater than that of com- 
mercial investment castings made from other metals. 


Properties of Cast Alloys 

Titanium and some of the titanium alloys cast 
in machined graphite molds have strengths ap- 
proaching those of annealed wrought titanium of 
similar composition, but the ductility is somewhat 
lower. A limited amount of research with cast tita- 
nium alloys has shown that no serious problems are 
to be expected with regard to alloy segregation or 
unsoundness caused by solidification shrinkage. 


Potential Market 

There is an immediate potential market for ti- 
tanium castings in the aircraft, missile and chemical 
process industries. Marine and Ordnance applica- 
tions are expected eventually to represent the major 
portion of the market. It is estimated that a poten- 
tial market of 3500 tongs of titanium castings could 
be developed by 1960 if a casting industry were 
established by that time. 
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Consumable-Electrode, Skull-Melting Furnace 


The most promising method for producing ti- 
tanium castings is the consumable-electrode, skull- 
melting furnace in which the titanium is melted 
under a vacuum in a water-cooled copper crucible. 
At the Bureau of Mines Experimental Station in 
Albany, Oregon, a furnace of this type has been 
used to cast titanium breech blocks weighing up to 
75 Ib. 

The basic principle of this furnace is to melt 
the consumable electrode so rapidly that a large 
bath of superheated metal is obtained and very 
little of the melt solidifies before it is lip poured. 
This is accomplished by employing high-current 
densities and melting under a furnace atmosphere 
of reduced pressure. 

Experimental work has shown that maximum 
melting rates are attained when the pressure of the 
furnace atmosphere is reduced to just above the 
point where a diffuse arc, typified by lack of melt- 
ing, is obtained. The actual pressure at which this 
maximum melting rate is attained depends upon 
the location of the vacuum gage in the system. 

In the Bureau of Mines’ practice, the furnace 
is pumped down to a pressure of about 150 microns 
and the leak rate is established to be less than 5 
microns per min. The optimum operating pressure 
is 150 microns. With an 8-in. diameter electrode, 
a current of 8000 to 9000 amperes at 28 to 30 volts 
is used. A 9 to 10 in. diameter crucible is used 
for melting and casting 90 to 100 Ib of titanium, 
and the melts are prepared in about 15 min. 

After casting, the weight of the skull left in the 
furnace may be as small as 30 per cent of the total 
weight of metal charged. This skull is usually left 
in place for the next melt cycle. A complete cycle 
from the charging of the furnace to the preparation 
of the furnace for the next charge is about 2 hr. 

Melts from the Bureau of Mines’ furnace have a 
high degree of superheat, and sound castings can be 
obtained from graphite molds that have not been 
preheated. Because of its good thermal conductivity, 
graphite is notorious for chilling castings. With 
fixed-electrode, skull-melting furnaces, the graphite 
molds have to be preheated to 1400 to 1600F since 
the metal is not superheated sufficiently to obtain 
soundness and smooth surfaces on castings having 
sections less than | in. thick. 

The Bureau of Mines’ furnace is quite versatile 
and can use electrodes made of compacted sponge, 
titanium ingot, or scrap pieces of titanium welded 
together. Titanium alloys can be produced by in- 
corporating the alloying elements in the compacted 
electrode. The size of the melts can be varied by 
changing the size of the crucible and the diameter 
of the electrode. There is very little opportunity for 
contaminating the titanium in this furnace, and 
most of the furnace operations can be mechanized. 

A bottom-pour furnace of this type was also in- 
vestigated by the Bureau of Mines in their earlier 
research.2:3 The bottom-pour furnace was aban- 
doned, however, because it was not possible to con- 
trol the tapping time, the pouring rate, or the 
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amount of metal poured. This lack of control 
stemmed from the fact that it was difficult to keep 
the tap hole clear. 

A commercial size furnace of the lip-pour type 
developed by the Bureau of Mines is shown in Fig. 
1.4 It is operated from a remote station. The hor- 
izontal shell is 59 in. diameter and its length is ad- 
justable from 3 to 9 ft. The crucible is mounted 
directly beneath the vertical electrode? housing. 
Melts may be poured by tilting the crucible? in 
either direction. 

Rotating tables may be used to index molds next 
to the crucible so that successive pours may be 
made without the necessity of opening the furnace. 
Although the present capacity of the crucible is 
100 Ib of titanium, a crucible with a capacity of 
250 lb could be used without modification to the 
furnace. 

The height of the pouring lip is 34 in. from the 
bottom of the furnace shell. Thus, the maximum 
size of the casting is limited only by this height, the 
diameter of the shell, and the length of the shell. 


Fixed-Electrode, Skull-Melting Furnaces 


Much of the early research on the casting of 
titanium was conducted with skull-melting furnaces 
that employed fixed electrodes of tungsten or 
graphite. This type of furnace is not so satisfactory 
for casting titanium as the Bureau of Mines’ 
furnace. It is difficult to obtain adequate superheat 
in the melts, and there is danger of contaminating 
the melts with tungsten or graphite from the 
electrode. 

Either tungsten or graphite electrodes may be 
used in the fixed electrode furnaces. A tungsten, elec- 





Fig. 1 — Consumable-electrode, skull-melting furnace is most 
promising means of melting. 
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trode is preferred to a graphite electrode because 
alloying with a small quantity of tungsten has only 
a mild effect on the mechanical properties of ti- 
tanium in comparison with the effect -of .carbon.. In 
addition, most of the solid particles from the tung- 
sten electrode settle to the bottom of the melt and 
remain in the skull when the melt is poured. 

Unlike consumable-electrode furnaces, many of 
the fixed-electrode, skull-melting furnaces employ 
graphite crucibles. A graphite crucible is used as a 
thermal insulator to permit easier superheating of 
the bath. To prevent contamination of the melt by 
carbon from the crucible the flow of heat is ad- 
justed so that a skull of solid titanium is built up 
on the wall of the crucible. All melting is done 
within the skull and, thus, the melt does not come 
in contact with the graphite crucible. However, it 
is difficult to maintain the correct heat balance, and 
occasionally melts may be contaminated by the graph- 
ite crucible. 

The only commercially available arc furnace for 
casting titanium is a fixed-electrode, skull-melting 
unit, manufactured by National Research Corp.5 
This furnace employs three electrodes of either 
graphite or tungsten. All melting is done in an en- 
closed chamber under an inert atmosphere of argon 
at a reduced pressure of about 200 mm of mercury. 
The melts are poured by tilting the crucible. Cast- 
ings weighing up to 50 Ib can be produced in this 
furnace, shown in Fig. 2. 

With the National Research furnace, the current 
to each electrode is 900 to 1000 amperes at 25 to 30 
volts. Approximately 1 kwh is consumed per pound 
of titanium melted. The carbon content of the melts 
is reported to be less than 0.06 per cent. 

Rem-Cru Titanium, Inc.® conducted some research 
on casting with a skull furnace that employed three 
graphite electrodes and a graphite crucible. This 
furnace was similar to the National Research Corp. 
furnace but was of somewhat larger capacity. 

A charge consisting of approximately 50 per cent 
scrap and 50 per cent sponge was used to prepare 
100-Ib melts. After pouring, about 20 to 35 per cent 
of the charge remained in the furnace as a skull. 





Fig. 2 — Fixed-electrode, skull-melting unit makes 50 Ib 
castings. 
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The carbon content of the castings was 0.3 peo 
cent, reducing the ductility of the castings considc 
ably. Some difficulty was encountered also with ouw- 
gassing of. the -zirconia. refractory that -was used ‘0 
insulate the graphite crucible from the stainless ste | 
container. In addition, the zirconia reacted with the 
graphite crucible to liberate carbon monoxide whic!) 
contaminated the melts. 


Variations 

Other types of skull-melting furnaces employing 
only a single fixed electrode have been used. They 
are either bottom-pour or tilt-pour type. 

A bottom-pour, skull-melting furnace was used by 
Rem-Cru7 for research on the casting of titanium. 
The tap hole was sealed with a sheet of titanium. 
To pour a 20-lb casting, it was necessary to preheat 
the crucible, skull, and charge to about 2200F with 
resistor heaters that were built into the furnace. 
During this period, the furnace was outgassed. 

After preheating, the charge was arc melted in 
10 to 15 min; however, the entire casting cycle re- 
quired 4 hr. Because of the limited capacity and 
long preheating and outgassing treatments required, 
this furnace is not practical for commercial use, 

Frankford Arsenal used a bottom-pour, cold-mold, 
skull furnace® in its research programs on the cast- 
ing of titanium. The maximum weight of casting 
that was made was about 36 Ib. 

This furnace, equipped with a single fixed elec- 
trode, is shown schematically in Fig. 3. In a typical 
cycle for a 25-lb charge, melting is achieved in about 
25 min after the arc is started. Melting is conducted 
with 1600 to 1800 amperes at 30 to 40 volts in an 
atmosphere of 8 parts helium to one part argon. 

Although melting is conducted at atmospheric 
pressure, pouring is accomplished at reduced pres- 
sure. The first metal entering the sprue melts a fine 
copper wire which activates a relay that opens a 
valve to a vacuum surge tank. 

The pressure in the mold chamber is reduced at 
the very start of the pour, and ‘voids in the casting 
from entrapped gases are minimized. About 13-14 Ib 
of titanium are poured from 25 lb initial charge. 

Bottom-pour, skull furnaces have certain disad- 
vantages, regardless of whether or not they use a 
consumable or fixed electrode. The tap hole is dif- 
ficult to clean, and the rate of pour and the amount 
of metal poured cannot be controlled to any appre- 
ciable degree.? 

Tilt-pour, skull furnaces employing a single fixed 
electrode have also been used for casting titanium. 
A schematic drawing of a tilt-pour furnace that was 
used at Battelle® to evaluate a wide variety of mold 
materials is shown in Fig. 4. 

The disadvantage of the furnace was that, al- 
though the skull weighed about 20 Ib, the castings 
weighed only 2 to 3 Ib. All melting was done under 
an argon atmosphere at one atmosphere pressure 
with a power input of 1500 to 2000 ampers at 28 to 
30 volts for about 15 min. 

In general, high-purity titanium melts can be pre- 
pared in fixed-electrode, skull-melting furnaces, but 
the melting technique is complex. 
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The operator has to estimate when the molten 
pool is large enough to fill the mold. If melting 
progresses for too long a time at too high a power 
input, there is the danger of melting through the 
skull to the graphite liner, contaminating the melt 
with carbon. 

With this furnace, it is almost impossible to get 
an adequate amount of superheat into the melts. 
Because the melts cannot be superheated adequately, 
molds of machined graphite must be preheated to 
temperatures as high as 1600 F to assure sound cast- 
ings free of surface defects. 


Induction Melting Furnaces 

Armour Research Foundation has done a consid- 
erable amount of titanium casting research with a 
bottom-pour induction furnace lined with graph- 
ite.17 Melting was conducted under an argon atmos- 
phere and approximately 15 lb of titanium could 
be poured at a time. 

The carbon content of the melts was about 0.7 
per cent. When the carbon content exceeds 0.7 per 
cent, the metal is considered unmachinable on a 
production basis. 

The Armour furnace was used to cast valve 
bodies, seating rings and disks, and pipe tees and 
ells. Although the castings had low ductility, they 
were made for marine service where resistance to 
corrosion was of primary importance and ductility 
was of less importance. 

One of the more serious problems involved in 
the induction melting of titanium is the difficulty 
of superheating the melts adequately. As a result, 
the melts have poor fluidity, and sound castings 
are difficult to make. 

The principal difficulty with superheating ti- 
tanium in graphite-lined induction furnaces is that 
the melting temperature of titanium-carbon alloys 
increases as the amount of carbon increases. Hence, 
the longer a melt is held in an induction furnace, 
the higher the carbon content of the melt and the 
higher its melting point. 

Watertown Arsenal!§ has developed a technique 
that may permit titanium to be induction melted 
in a graphite crucible. They have successfully melted 
5-lb heats of titanium without excessive carbon con- 
tamination by employing a strong intensity, elec- 
trical field to melt the titanium as rapidly as 
possible. 

A short melting time, 1 to 2 min at a power 
input of 65 kw, minimized the contact time be- 
tween the charge and the graphite crucible. The 
strong electrical field also forced the melt to assume 
a very marked conical shape so that contact between 
the melt and the crucible was restricted chiefly to 
the bottom of the graphite crucible. Five-pound in- 
gots of titanium with carbon contents of 0.066 to 
0.15 per cent were made from sponge that con- 
tained 0.025 per cent carbon. 

Watertown Arsenal is increasing the capacity of 
the furnace to 25 lb. If the carbon content in 25-Ib 
melts can be kept within the range cited for the 
5 lb melts, and if a small amount of carbon con- 
tamination is permissible in the cast product, then 
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this melting technique should prove suitable for 
small castings. 
Crucible Materials 

Much research has been conducted to develop a 
refractory crucible for induction melting titani- 
um.10,11,12,13,14,15 Various types of carbides, oxides, 
nitrides, sulfides, borides, silicides, aluminides, and 
complex compounds were tried as crucibles. Several 
of the materials showed some promise. Among 
the more successful materials were cerium sulfide, 
molybdenum aluminide, and oxygen-deficient zir- 
conia. 

Cerium sulfide crucibles!12 could be_ reused, al- 
though some solution of the crucible occurred on 
each use. The contamination, which appeared as a 
eutectic sulfide in the structure of the cast metal, 
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increased the hardness and strength and decreased 
the ductility. 

For example, a sulfur content of 0.165 and 0.570 
per cent in the titanium raised its base hardness of 
178 Vickers to 185 and 213 Vickers, respectively. 

A crucible of molybdenum aluminide Mo,Al, in- 
troduced some but not harmful quantities of molyb- 
denum and aluminum to the melt as a result of slow 
solution of the compound.1+ Oxygen-deficient zir- 
conia!5 also showed promise. 

Graphite-lined induction furnaces, although they 
markedly reduce the ductility of titanium by con- 
taminating the melt with carbon, have been used 
for melting and casting titanium. A schematic draw- 
ing of a tilt-pour induction furnace is shown in 
Fig. 5. This furnace was used at Battelle1® for pre- 
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liminary screening of mold materials for titaniun. 

All melting was done at a frequency of 96(0 
cycles/sec under a helium atmosphere. The melting 
time was 15 to 20 min at a power input of 30 kwh. 
Castings weighing 2 to 6 lb were made. 


Pouring Temperatures 


In the casting of all metals, it is desirable to 
measure the temperature of the melts before they 
are poured so that an optimum pouring tem- 
perature can be established. The optimum pouring 
temperature is that which produces castings free of 
laps, cold shuts, seams, and misruns. It varies with 
the section size of the casting. 

Large or heavy-walled castings have a lower opti- 
mum pouring temperature than small or thin-walled 
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castings. With titanium, however, no suitable method 
has been developed for measuring the temperature 
of the melts before they are poured. 

Optical pyrometers cannot be used with induction 
melting furnaces because so much fume is evolved 
by the melt that a true reading cannot be obtained. 
With arc furnaces, the radiation from the arc makes 
it impossible to obtain a precise measurement of 
temperature. 

Furthermore, a large temperature gradient prob- 
ably exists between the bottom and the top portions 
of the melt. If the arc is extinguished, the melt 
cools so rapidly that it must be poured immediately 
with no time available for an accurate temperature 
measurement. 

At Armour, a tungsten-carbon thermocouple was 
used to measure the temperature of titanium melted 
in an induction furnace.17 The thermocouple meas- 
ured the temperature reliably up to the melting 
point. After the titanium melted, the thermocouple 
indicated no further temperature increase. The rea- 
son for this behavior was not determined. 

Rem-Cru has used a radiation pyrometer that was 
sighted on the spout of a tilt-pour, skull-melting 
furnace.19 The radiation pyrometer gave a relative 
indication of the amount of superheat in the melt 
as it was poured, but it could not be used to meas- 
ure the temperature of the melt before pouring. 

Because no suitable method for directly measur- 
ing the amount of superheat in the melts was avail- 
able, an indirect method was used at Armour and 
Battelle. This technique consisted simply of measur- 
ing the power consumed after the titanium was 
completely melted. 

Power consumption was taken as a measure of 
the amount of superheat in the melt. Castability 
was duplicated with a reasonable degree of accuracy 
by the use of this method. 


Machined Graphite and Carbon Molds 


One of the first mold materials used for casting 
titanium was machined graphite. It is still the best 
material for producing smooth, sound castings with 
only a negligible amount of surface contamination. 

Oregon Metallurgical Corp.+ reports a depth of con- 
tamination of about 0.010 in./in. of casting thickness. 
The degree of contamination is considered to have a 
negligible effect on the quality of the casting. 

The chief disadvantages of molds machined from 
graphite are: 1) they are expensive to make; 2) 
they have a relatively short life; 3) they are apt to 
produce laps or rippled finishes on castings; and 4) 
the mold cavities obtainable are somewhat restricted 
in variety. 

Even when used for casting simple shapes, they 
often begin to crack and spall after being used 30 
to 40 times. 

Oregon Metallurgical Corp.4 extends the life of 
molds to about 50 castings by utilizing expendable 
inserts at locations that are subject to erosion or 
tearing. In addition, care is exercised to be certain 
that adequate draft is used and re-entrant angles 
are eliminated from single pieces comprising the 
graphite mold. 
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Running thin sections depends on the configura- 
tion of a particular casting, the practical limit at 
present is expected to be a section 4¢-in. thick per 
in. of depth and width. 

Examples of castings from machined graphite 
molds are shown in Fig. 6. The large hole in the 
single housing casting was cored. The holes in the 
yoke castings were produced by drilling the castings. 

Oregon Metallurgical Corp. also reports success 
with massive copper molds (Fig. 3). Compared with 
graphite molds, copper molds have a longer life, but 
cost is higher and there is a greater tendency to 
produce cold shuts on the surface of the casting. 

Because machined graphite molds have deficien- 
cies, a considerable amount of research has been 
conducted .to find an expendable mold material as 
satisfactory as machined graphite. Several promising 
leads have been developed. One such development?° 
utilizes a rammable mixture of powdered graphite 
plus a nonreactive binder. The rammed mold is 
fired before using. 

Molds machined from carbon have been used,!® 
but they are not so good as those machined from 
graphite. It is easier to make sound castings free of 
surface laps and cold shuts in carbon molds than 
in graphite molds because carbon extracts heat from 
the metal less rapidly than graphite. One of the 
disadvantages of carbon molds is that molten ti- 
tanium wets and adheres to the carbon and the 
molds must be broken away from the castings. An- 
other disadvantage is that carbon molds contaminate 
the castings to a greater extent than graphite molds. 


Shell Molds 


Shell molds made from oxide materials can be 
used for making quality titanium castings with sec- 
tions up to 4-in. thickness. The surfaces of titanium 
castings made in shell molds, however, are con- 
taminated more severely and to a greater depth 
than when casting into machined graphite molds. 
The effect this surface contamination has on service 
life of castings is not known. 

In research conducted at Battelle®.16 shell molds 
composed of the following refractory oxides (and 





Fig. 6 — Machined graphite molds used for these unalloyed 
castings can be used 30-40 times. 
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others) were evaulated: alumina, magnesia, silica, 
zircon, zirconia. 

This research ‘showed that all the refractory 
oxides contaminated the castings about the same 
extent.16,21 The depth of contamination varied 
from 0.020 to 0.040 in. on 14-in. sections and from 
0.039 to 0.060 in. on 1-in. sections of the castings. 

In contrast, the average depth of contamination 
when casting into machined graphite molds was only 
.010 in. for sections up to I-in. thick. 

With refractory oxide shell molds, good surface 
finishes were obtained on castings with sections 14-in. 
thick or less, but on sections greater than 14-in. thick, 
extensive mold reaction caused pinholes on the cast- 
ing surfaces. 

The use of graphite or zirconium oxychloride? 
as a mold wash reduced the amount of pinholing 
and contamination but, for practical purposes, the 
reduction was negligible. 
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Mold additives such as the silicofluorides of ain- 
monium, potassium, or sodium, or the borofluorid«s 
of ammonium or potassium were used also to inhibit 
mold reaction.?1 

Some of the mold additives were more effecti\e 
than mold washes in reducing mold reaction. This 
reduction, however, was also negligible in compa:i- 
son with the results obtained with machined grapii- 
ite molds. 

The research at Battelle showed that the best re- 
fractory oxide shell mold with regard to surface 
finish was made from electrically fused alumina to 
which 14 weight per cent of magnesium silicofluo- 
ride was added. 

The research at Battelle also showed that shell 
molds composed of coarse graphite powder bonded 
with 12 weight per cent phenol formaldehyde were 
somewhat better than the refractory oxide shell 
molds.® 

Castings with good surface finish on sections up to 
2 in. in thickness were case in graphite shell molds. 
However, the depth of contamination of castings 
from graphite shell molds was only slightly less than 
that of castings from refractory oxide shell molds. 

The contamination depth from _ various shell 
molds, as indicated by hardness traverses, is shown 
in Fig. 7 and 8.21 The hardness increase is a meas- 
ure of the severity or degree of contamination. The 
curves in these figures show that the severity and 
depth of contamination is much less in machined 
graphite than in shell molds. 

Armour has also investigated the use of shell 
molds for titanium castings.17 Zircon shell molds 
washed with graphite were used to cast titanium 
valve bodies, seating rings and disks, pipe tees and 
ells. A fairly good surface finish was obtained. 

Armour did a considerable amount of work on 
the gating of valves for pipe fittings. The best re- 
sults were obtained when the castings were gated 
from the bottom. It was found necessary to provide 
numerous vents in the mold so that the mold could 
be filled rapidly. The vents were located so that 
they did not freeze off before the mold was com- 
pletely full. 


Baked Refractory Molds 


Before using zircon shell molds, Armour investi- 
gated a wide variety of baked sand molding mix- 
tures for casting titanium valve bodies.17 Their best 
molding mixture had the following composition: 


1 per cent core oil 

534 per cent silica flour 

134 per cent pitch 

234 per cent royal binder 
lf per cent cereal binder 

314 per cent water 

Balance—silica sand 


Molds prepared from this mixture were washed with 
graphite and baked at 350F just before casting. 
The molds were not so permeable as shell molds, 
and considerable difficulty was encountered with en- 
trapped gas and blow holes in the castings. 

The use of baked sand molds also was investi- 
gated at the U. S. Naval Ordnance Test Station.2* 
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Silica sand and zircon sand were used as mold mate- 
rials and alumina magnesia, and graphite were used 
as mold washes. The best molds were made of zircon 
washed with graphite. The composition of the 
molding mixture was as follows: 

4 per cent lion binder 

3 per cent water 

Balance—200-mesh zircon sand 

Titanium castings prepared by the Naval Ord- 
nance Test Station also were contaminated and 
rough because of mold reaction. 

A small amount of work was conducted at 
Battelle24 to reduce the amount of contamination in 
castings from expendable graphite molds. This work 
indicated that contamination could be minimized 
by reducing the amount of binder or by using a 
binder that does not contain nitrogen or oxygen. 

Castings were produced with very little contamina- 
tion in expendable molds of this type, further work 
must be done on the development of the molds so 
that the castings will accurately reproduce the pat- 
tern. 

Weber, et al.,15 of the Aeronautical Research 
Laboratory of Wright-Patterson Air Force Base, 
Ohio, have suggested that a mixture of zirconia 
plus 6.45 per cent of titanium metal powder might 
be satisfactory as a mold materia] for casting ti- 
tanium. They believed that the addition of titanium 
metal forms a substitutional solid solution with the 
zirconia. 

This results in an oxygen-deficient zirconia lattice 
that is more inert to attack bv molten titanium. 
With this material made into crucible for con- 
taining molten titanium, contan .nation of the melt 
was low when the melt was not superheated and 
holding time in the molten stage was short. 

However, since superheated melts would be re- 
quired for casting purposes, such melts prepared in 
this crucible material in all probability would be 
contaminated. 


As a mold material for casting titanium, the in- 
ertness of the zirconia-titanium material may be 
much greater than that for oxide shell-molding 
materials. However, the procedure that would be re- 
quired to manufacture a mold from it might make 
the material uneconomical for commercial practice. 

To manufacture a mold, titanium and zirconia 
of —325 mesh size are mixed dry, suspended in 
methyl alcohol, and dried at room temperature. 
After drying, the mixture is ball milled for 14-hr in 
a one N solution of hydrochloric acid. 


If good green strength is required for forming 
large molds, a one per cent aqueous solution may be 
added. The resulting slurry is spread over the pattern, 
deaired, dried at room temperature, and baked for a 
short time at 212 F to remove the water. 


The mold is fired in a vacuum of Y4-micron for 
one hr 3200 to 3400 F. After firing, the mold is ready 
for use. 

In addition to the elaborate procedure required 
to prepare the mold, there is also the problem of 
shrinkage during firing. It was reported that shrink- 
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age may be 15 or 20 per cent, depending on the 
method of forming the mold. 

Shrinkage of this order might make it difficult to 
reproduce a mold cavity of specific dimensions. 
However, additional work is planned to develop the 
molding technique so that a mold cavity of specific 
dimensions may be produced.?5 Low shrinkage dur- 
ing final firing of the mold is to be achieved by 
using pulverized prefired material. The new devel- 
opments may also lead to fabrication of porous shell 
molds. Work with this material as a crucible having 
a capacity of about 25 Ib of titanium is also being 
considered. 


Investment Molds 


Investment molds are made by pouring a slurry 
of refractory oxides over an expendable pattern of 
wax, plastic, or frozen mercury; allowing the slurry 
to harden; melting out the pattern; and firing the 
mold at a high temperature to establish a bond. 
Small intricate castings can be made to accurate 
dimensions in investment molds. Usually these cast- 
ings require little or no machining before being 
placed in service. 

Several different types of investment mold mate- 
rials for casting titanium were investigated at Bat- 
telle.24 The mold materials were evaluated by cast- 
ing small rectangular step blocks in them and rating 
the castirigs as to the surface finish, defects, and 
depth of contamination. Wax patterns were used. 

The types of investment mold materials that were 
investigated in the Battelle research are presented 
in Table 2. Tests conducted with these various 
mold materials showed that the best castings were 
obtained when either ethyl silicate or zirconium ni- 
trate was used as a binder for silica or zirconia 
investments. 


TABLE 2—CoMPOSITION OF INVESTMENT MoLp Ma- 
TERIALS Usep FOR MAKING TITANIUM CASTINGS 








Precoating Precoating Back-Up Back-Up 
Material Binder Material Binder 
Silica Ethy! silicate Silica Ethy! silicate 
Silica Ethyl silicate Silica Ammonium 
dihydrogen 
phosphate 
Silica Nalcoag Silica Ammonium 
dihydrogen 
phosphate 
Silica Nalcoag Silica Ethyl silicate 
Zirconia Ethyl silicate Zirconia Ethy! silicate 
Zirconia —« Zirconium nitrate Zirconia Zirconium nitrate 
Zircon Ethyl silicate Zircon Ethyl silicate 
Zircon Ethy] silicate Sillimanite Ethyl silicate 
Sillimanite Ethyl silicate Sillimanite Ethy] silicate 





TABLE 3 — SURFACE SMOOTHNESS OF TITANIUM CAST- 
inGs MapE IN VARIOUS INVESTMENT MOLDs 





Surface Smoothness, rms microinches 


Mold Mold Step Thickness, inch 








Material Binder A \Y % l 
Zirconia Ethy] silicate 150-170 150-170 140-160 120-150 
Zirconia Zirconium nitrate 100-120 120-140 120-150 130-160 
Silica Ethy] silicate 130-170 120-160 170-220 —(a) 


(a) Too rough to obtain a reading. 
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The surfaces of the castings made in molds 
bonded with nalcoag were slightly rougher than 
those of castings made in molds bonded with ethyl 
silicate. Castings from molds bonded with ammo- 
nium dihydrogen phosphate were very rough. All of 
the zircon and sillimanite molds were definitely in- 
ferior to the silica and zirconia molds. When blow 
holes were encountered they were eliminated by in- 
creasing the permeability of the back-up investment. 

The surface smoothness of titanium castings 
from various mold materials is shown in Table 3. 
These data show that the smaller sections of the 
castings from silica investment molds were about 
as smooth as those of castings made in zirzonia in- 
vestment molds. 

For the larger sections, however, the castings 
from silica investment molds were definitely rougher 
than those from zirconia molds. An intricate tita- 
nium casting made in a zirconia investment mold 
bonded with ethyl silicate is shown in Fig. 9. Note 
the good detail and smooth surfaces of this casting. 

The depth of contamination was determined by 
making hardness traverses across transverse sections 
of the investment castings. All of the castings were 
contaminated to about the same depth as compara- 
ble section thicknesses cast in refractory oxide shell 
molds. 

The depths of contamination ranged from about 
0.020 in. in the l4-in sections to 0.030 to 0.040 in. 
in the l-in. sections. The effect of surface contami- 
nation on the service life of the investment castings 
is not known. 

Rem-Cru conducted a few tests on investment 
molds made from frozen mercury patterns.7 The 
molds consisted of a precoating of zircon and a back- 
up investment of kyanite (Al,SiO;). When titanium 
was cast into these molds, a vigorous reaction occur- 
red. The resulting castings were hard, brittle, and 


TaBLe 4 — Moip CoMmpPosiITION 








Amount, 

Ingredient per cent 
Electric furnace graphite powder (-20to 100 mesh) ..... 53 
REESE RS ee Penal peas 10 
gd oie ak hak Xo mills va wicte aaa niece x oo 10 
CIN, 6 ow craipnidlw o Nid.cs CAmeo canes ses si 8 
IOI 05 5: in'die wine tos oSuwewwcdseedss nes 1 
WN didi. O04 Ab STRING + CKedEd 60 oda perNe Sv eee ees 18 


*“Duponol G” manufactured by E. I. du Pont de Nemours & Co. 
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Fig. 9 — Smooth surface was produced by investment casting. 
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unsound. Further work on investment molds was 
stopped by Rem Cru because they could not obtain 
sound castings. 

Investment molds prepared from frozen mercury 
patterns by the Mercast Corp. have been used with 
moderate success for casting small titanium parts.” 
Data are not available on the components of the 
mold of the surface finish and contamination of 
the castings. 


Proprietary Molding Processes 

National Research Corp.5 has developed an in- 
vestment: type of mold material that must be used 
with a conventional split pattern. Before casting, 
the molds are given a special treatment to protect 
them from reaction with molten titanium. The com- 
position of the mold material has not been de- 
scribed, but the process is available to those who 
wish to license it from National Research Corp. 

Castings weighing 4 to 5 lb have been made in 
molds produced by National Research, and the sur- 
face finish on the castings was equivalent to that 
of good sand castings. Hardness traverses showed 
that l-in. sections were contaminated to a depth of 
about 0.016 in., which is slightly greater than the 
contamination from machined graphite molds. 

Compared to castings from machined graphite 
molds, the severity of contamination in the castings 
was also greater. The surface hardness of castings 
made by National Research was about 500 Khn as 
compared with about 200 Khn for castings from 
machined graphite molds. 

E. I. du Pont de Nemours & Co.?7 has developed 
an expendable mold that is claimed to overcome 
the disadvantages of materials used by other in- 
vestigators. The mold material is essentially graphite 
powder that is molded on the pattern at a pressure 
of 50 to 85 psi. 

The advantages claimed for molds prepared from 
this material are: 1) economical to manufacture be- 
cause the molds can be made with existing foundry 
techniques, and 2) castings are not contaminated 
by the mold. 

The mold composition developed by Du Pont 
(patent application filed) is shown in Table 4. 

Cornstarch serves as a binder to provide green 
strength. The surface active agent permits more 
thorough blending of the liquid and dry com- 
ponents, and reduces the amount of water that is 
needed. Pitch and carbonaceous cement form a high- 
temperature bond when the mold is fired at a tem- 
perature of 1290 to 1650 F for I to 2 hr. 

Castings weighing from 14 to 8 lb have been made 
in this type mold. Some mechanical properties of a 
7-lb casting of unalloyed titanium were as follows: 


MG SUNN (oa! ods e leneth yee weedieses ses 44,500 
Se NING es Sk Bs RG ebb enlace seve dived 28,000 
ote, apie och 2 eee ee Peer re ery 52 
MEIN 6 6.5. 5:c cm dcadhess ab 09 sagen ewaee oe 50 
ee a EE ee OPEL Oe ree Pee ee 95 


(Base hardness of the sponge was 95 Brinell) 


Chemical analysis of the casting showed that it con- 
tained 0.06 per cent carbon, 0.004 per cent nitro- 
gen, and 95 ppm hydrogen. These data on mechan- 
ical properties and chemical analyses indicate that 
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good control was exercised over the melting and 
casting operation. 

Depth of surface contamination for 1-in. sections 
cast in Du Pont’s expendable mold was 0.040 in. 
as compared to 0.010 in. when cast in a machined 
graphite mold. 

There was no other evidence of surface reaction 
between the titanium and the mold. Sectioned cast- 
ings showed a complete absence of internal porosity. 

Du Pont has made castings with internal cores 
prepared from the expendable mold material. 
Again, no reaction was evident, and the cores were 
readily knocked out of the casting. Results of Du 
Pont’s more recent research are described in another 
paper.?° 

The investment mold material used by Mercast 
Corp.26 is proprietary. The available information 
on its suitability for casting titanium was summa- 
rized in the preceding section of this report. 


Castability of Titanium and Its Alloys 


Most of the research on casting has been con- 
ducted with unalloyed titanium. The results have 
shown that unalloyed titanium can be cast easily 
into fairly complicated shapes. Castings with good 
surface finish and good reproduction of details can 
be made. Several investigators state that it is neces- 
sary to use oversize gating systems to produce sound 
titanium castings.5. 17.24.28 However, it the melts are 
superheated adequately, the gating systems for ti- 
tanium castings need not be any larger than those 
for other cast metals. Consequently, the fundamental 
principles for gating castings apply to titanium as 
well as to other metals. 

Although very little work has been done on the 
casting of titanium alloys, there is some indication 
that the alpha and alpha-beta alloys have as good 
castability as unalloyed titanium. The alpha and 
alpha-beta alloys may be a little easier to cast be- 
cause the metallic alloy additions usually lower the 
melting point and thus the melts can be super- 
heated more easily. 

Castings prepared from adequately superheated 
melts generally are free of the cold shuts, entrapped 
gas, and misruns that are often encountered in ti- 
tanium castings. 

Rem-Cru1® has reported that the meta-stable beta 
alloys such as Ti-10Mn-5Cr-5Mo are difficult to cast 
because they have long freezing ranges. Alloys with 
long freezing ranges are hard to feed and, as a 
result, there are shrinkage voids within the castings. 
Most of the alloys that have been cast were de- 
veloped as wrought alloys. Experience with other 
metals has shown that wrought alloys are not always 
adaptable to the casting process. 

Research has been done on the development of 
Ti-Al, Ti-Si, and Ti-Al-Si casting alloys at Frank- 
ford Arsenal.29. 30.31 The work was concerned mainly 
with the mechanical properties of the cast alloys. 
Armour17 also did some research on casting alloys, 
but the main objectives were to improve the fluidity 
of the melts and to improve the machinability of 
the castings which were contaminated with carbon. 
Good surface finishes were obtained on castings 
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made from Ti-Fe, Ti-Fe-V, and Ti-Si alloys, but the 
Ti-Si alloys were difficult to machine. Most of the 
work was conducted with a Ti-1.2 Fe-0.8V alloy 
because it had better casting properties and was 
easier to machine than most of the other alloys 
tested. 

Rem-Cru32 has conducted a detailed investigation 
of the casting properties of titanium and the alloys 
Ti-4Al-4Mn, Ti-7Al, and Ti-7Mn. The melts were 
prepared in a fixed-electrode, skull-melting furnace 
and cast into graphite ingot molds. One-half of each 
ingot was used for determining the as-cast properties 
of the alloy, and the other half was forged, rolled, 
and annealed to determine the wrought properties. 

The results of these tests are summarized in Table 
5. In general, the properties of the material were 
higher in the wrought condition than in the as- 
cast condition. 

The mechanical properties of some other cast ti- 
tanium alloys are presented in Table 6. Of these, 
the Ti-7Al-3Mo and the Ti-Al-Si types appear to 
have an interesting combination of properties. 


Casting Design 
Little research has been done on the design of 
titanium castings. However, there is nothing to indi- 
cate that the fundamental principles of good casting 
design do not apply to titanium. Except for its 
reactivity, titanium behaves like any other molten 
metal. 


If uncontaminated castings from machined graph- 
ite molds are required, they should be designed as 
simply as possible to minimize the cost. Complex 
machined graphite molds are expensive and have 
a relatively short life. Another way of producing 
castings without surface contamination is to cast 
them oversize in expendable oxide molds and re- 
move the contaminated surface by pickling. Bat- 
telle24 used a pickle solution containing 50 parts of 
sulfuric acid by volume in 50 parts of water with 
an addition of 25 grams of ammonium bifluoride 
per liter of solution. 

The surface of castings immersed in this solution 
is removed uniformly regardless of the severity of 
contamination, and there is no loss of detail in the 
castings. The rate of surface removal with this 
pickling solution is about 0.015 in./hr when the 
solution is maintained at 120F. With this pickling 


TaBLeE 5 — As-Cast VERSUS WROUGHT PROPERTIES OF 
Four DIFFERENT TITANIUM ALLoys?2 





Ultimate Strength, Elongation, Impact Strength, 








1000 psi per cent in | in. ft-lb 
Alloy As-Cast Wrought As-Cast Wrought As-Cast Wrought 
Unalloyed 54-62 75 25-35 29-32 62-99 51-72 


Unalloyed 54-60 66-70 31-35 27-32 32-97 85-93 
Unalloyed 87-90 95-96 6-11 26-28 12-15 26-31 
Ti-4Al-4Mn 128-133 157-159 9-14 17-18 12-20 15-18 


Ti-4Al-4Mn 125-129 147-150 3-4 «17-18 3-4 8-8.5 
Ti-4Al-4Mn = 120-125 150 7-13 17-18 =12-19_—s:18-21 
Ti-7Al 118-135 150-152 16 11-14 8-12 9-10 
Ti-7Al 111-117 132 7-18 12-15 25-31 20-35 
Ti-7Mn 109-137 132 1-2 22-23 3 13.5 

Ti-7Mn 117-135 136-146 _ 12-17 25 3465 
Ti-7Mn 100-121 126-128 1-8 23-26 56 16-21 
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solution, there is some hydrogen absorption by the 
titanium that might affect the mechanical proper- 
ties unless the casting is vacuum annealed. 

To avoid hydrogen embrittlement, a pickling solu- 
tion containing 20 to 60 weight per cent nitric acid 
and 2 per cent hydrofluoric acid is recommended 
by Rem-Cru.85 The pickling bath is maintained at 
150 F, and the nitric acid content must be main- 
tained at 20 per cent or greater to minimize hydro- 
gen pick up. 


Potential Markets for Titanium Castings 


The largest potential markets for titanium cast- 
ings exist not in the aircraft industry, but in missile, 
ordnance, and marine applications and in the chem- 
ical process industry. Immediate applications prob- 
ably could be found in the aircraft and missile in- 
dustry since a premium price may be justifiable 
there. 

The bulk of the market is expected to develop 
in other areas when the price of quality castings is 
reduced substantially. 

Estimates of the potential market for titanium 
castings in aircraft range from 25 to 200 Ib per 
plane. Based upon production of 10,000 planes per 
year and an assumption of only 25 Ib of castings 
per plane, the annual demand for titanium castings 
would amount to 125 tons, or about 21% per cent 
of the estimated production of titanium mill prod- 
ucts in 1956. 

Some of the titanium castings of interest to the 
aircraft and missile manufacturers are: pipe fittings; 
valve bodies and trim; clamps; bearing housing and 
supports; hinges and brackets; jet engine compressor 
blades, vanes, disks, and spacer rings; bell cranks; 
elevator torque fittings; spar fins; missile bulkheads. 

The potential market for titanium castings in the 
chemical process industry is greater than that of 





Titranium Cy,stTinc TECHNOLOG) 





the aircraft industry. In the chemical process induis- 
try, a material with the excellent corrosion resist- 
ance, strength, and ductility ‘of titanium fills a vital 
need. 

Fabricated titanium parts have already shown 
their marked superiority over other materials when 
used for handling corrosive liquids and gases. The 
added cost of the titanium parts is more than offset 
by the savings realized in less frequent downtime. 

Other important markets for titanium castings 
exist in marine and ordnance applications. The 
Navy is quite interested in titanium castings be- 
cause of its resistance to corrosion by sea water. 
In marine applications, titanium castings can be 
used for hardware, pipe fittings, valves, pump im- 
pellers and bodies, and pinions. 

For ordnance applications, titanium castings are 
desirable in mobile and airborne equipment where 
high strength and light weight are desirable. 

When a thriving titanium casting industry be- 
comes established, it is estimated that the annual 
demand for castings would amount to about 10 per 
cent of the annual production of titanium sponge. 
Present trends indicate that sponge production may 
reach an annual rate of 35,000 tons by 1959.36 If 
a casting industry were to be firmly established at 
that time, the potential market for castings might 
then be 3,500 tons. 


Commercial Availability 


At the present time, the only industrial organiza- 
tions known to have an active interest in making 
titanium castings are: 


National Research Corp., Cambridge, Mass. 

Titanium Casting Corp., Division of Howard Foundry Co., 
Chicago 

Wisconsin Centrifugal Foundry, Inc., Waukesha, W 

Crane Co., Chicago 

Oregon Metallurgical Corp., Albany, Ore. 


TABLE 6— MECHANICAL PROPERTIES OF EXPERIMENTAL TITANIUM ALLoys Cast IN MACHINED GRAPHITE MOLps 
(Except where noted, all melts were prepared in fixed-electrode, skull-melting furnaces) 








Yield Tensile Reduction Impact 
Strength, Strength, Elongation, of Area, Hardness, Strength, 
Allov 1000 psi 1000 psi per cent per cent Bhn ft-lb Reference 
Unalloyed 31 48 38 50 111 66 30 
Ti-4Al 80 91 14 14 223 60 29 
Ti-6Al 107 116 10 26 255 42 29 
Ti-7Al 103 108 11 26 259 53 29 
Ti-0.25C 66 90 9 ll 182 11 1 
Ti-0.7C 81 91 2.5 1.5 217 2.5 1 
Ti-2Fe* — 105 2.6 — — -- 17 
Ti-0.1Si 52 64 32 65 143 23 30 
Ti-0.2Si 51 68 32 60 143 22 30 
Ti-0.9Si 76 89 17 29 192 38 30 
Ti-1.8Si 98 104 1.5 $ 229 5 30 
Ti-3Si 69 74 0.07 0.25 235 2 30 
Ti-4Al-0.1Si 80 93 14.5 29 212 57 31 
Ti-4Al-0.5Si 95 108 12 25 245 38 31 
Ti-4Al-1Si 116 122 9.5 23 273 _ 31 
Ti-6Al1-0.1Si 105 112 11 21 248 43 31 
Ti-6Al1-0.5Si 119 126 9.5 21 277 28 31 
Ti-6Al-4V> 129 137 7 17.6 — —_ 33 
Ti-6Al-1Si 139 146 7.5 17 305 14 31 
Ti-7Al-3Mo> 120 136 10 12.4 — _ 33 
Ti-4Al-4Mn 140 149 5 9 oa 6 34 
Ti-4Cr-2Mo 101 124 11 15 — 12 5 


“Melted in a graphite-lined induction furnace. Carbon content was 0.78 per cent. 


> Melted in a skull furnace with a consumable electrode. 


Alloy tested in heat-treated condition, but heat treatment is not known. 
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National Research Corporation produces pilot 
quantities of experimental castings. A_ fixed-elec- 
trode, skull-melting furnace and an undisclosed in- 
vestment type of mold material are used. Both were 
developed by National Research Corp. Titanium 
Casting Corp. uses a furnace built by National Re- 
search and has also licensed the National Research 
Corp. molding process. The Wisconsin firm has cen- 
trifugally cast titanium rings and sleeves up to 5 in. 
diameter that weigh up to 9 Ib. The castings are 
made in machined graphite molds. The skull 
furnace used for melting is of the fixed electrode 
type. 

The Crane Co. is producing castings on a very 
limited basis by induction melting techniques. The 
castings have low ductility because of carbon con- 
tamination from the graphite-lined crucible. The 
Oregon Metallurgical Corp. melts a consumable 
electrode under vacuum in a skull furnace and lip 
pours the melt into machined graphite molds. 


Immediate Needs for Growth 

Analysis of available data on the casting of ti- 
tanium indicates that further research should be 
conducted on the development of expendable molds 
that do not contaminate the castings. Development 
of an inert, inexpensive mold material would pro- 
vide a strong impetus to the growth of a titanium 
casting industry. 

An investigation also should be made to deter- 
mine the effect of surface contamination on the 
service life of titanium castings. If surface contami- 
nation is not a problem in some applications, many 
of the mold materials with which foundrymen are 
familiar may be adapted to the casting of titanium. 

Further research should be conducted on the de- 
velopment of titanium casting alloys because 
wrought alloys with good mechanical properties are 
not necessarily good casting alloys. Thus, much of 
the work that has been done on the development 
of wrought titanium alloys will give no indication 
of their suitability as casting alloys. 

The development of casting alloys that can be 
heat-treated to develop higher strength with ade- 
quate ductility is also desirable. Alloys with an ul- 
timate tensile strength of 130,000 to 180,000 psi and 
a minimum elongation of 5 per cent are desired. 
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OIL BONDED MOLDING SAND 





R. G. Megaw* and K. A. Miericke* 


Certain disadvantages inherent to molding sands 
containing water have been eliminated by the devel- 
opment of waterless mixes utilizing a bentone ad- 
hesive and oil as the bonding agents. A variety of 
aluminum aircraft castings have been made in molds 
of this type. The castings were proved sound by 
x-ray inspection and had a finish of 100 to 150 micro 
in. Other metals successfully cast have been brass, 
bronze, iron, nickel, and stainless steel. 


In casting metals into a sand mold, the sand is 
commonly bonded with small amounts of clay mois- 
tened with water. Originally, sands containing nat- 
urally occurring clay were used. However, in recent 
decades molding sands are washed free of any clay 
or other contaminating material and specially se- 
lected clays are added back to it. The composition 
and use of such molding sands in the foundry art 
are well known. 


Moisture a Problem 


The properties of conventional molding sands 
such as have been described leave much to be de- 
sired, in spite of their wide and universal usage. 
Many problems arise from the fact that the proper- 
ties of the conventional molding sand depend greatly 
upon their moisture content. Slight variations in 
moisture content can cause radical changes in their 
compressive strength, permeability, and flowability. 


These changes, if uncorrected, will cause surface 
and interior defects in castings. The moisture content 
of molding sands can vary appreciably during pour- 
ing, working, or storing, as a result of evaporation 
losses. Little can be done to prevent the evapora- 
tion of water because of its relatively low boiling 
temperature. 

Conventional molding sands must be quite per- 
meable, that is, must pass gas freely in order to 
accommodate the large volume of water vapor 
evolved when molten metal contacts the. sand. Per- 
meability is a function of pore diameter which, in 
turn, is a function of average sand particle size. This 
sets a definite lower limit on the fineness of sand 
which can be used in any particular type of casting. 
It is seldom possible to obtain as smooth a surface 
finish as desired when using conventional molding 


*Baroid Div., National Lead Co., Chicago. 


sands because very fine sand with low permeability 
cannot be used. 

Another factor influencing the smoothness of sur- 
face finish is the adherence or bonding of sand 
particles to the metal, after the casting process has 
been completed. This quite common occurrence 
makes it necessary to clean castings by sand blasting, 
wire brushing and grinding. As a result a clean metal 
surface is presented by the casting, instead of one 
marred by sand grains and other tightly bonded 
residue removed from the face of the sand mold. 
This cleaning time is an expense which can be an 
appreciable portion of the total cost of the casting. 


Water-Free Sands 


To avoid the disadvantages of sands containing 
water, many waterfree molding sands have been tried 
in foundries over the years. These waterfree sands 
contained oil as a bonding agent. Oil was believed to 
be superior to water because it boiled at a higher 
temperature than water and evolved less gas, thereby 
requiring less sand control because of lower evapora- 
tion losses. The oil also caused less chilling of the 
molten metal. In spite of these advantages the oil- 
sand systems were always found to be impractical 
because of their very low strength. 

To obtain the required strength in the absence 
of water, a bonding agent effective in oil was needed. 
Such a product was developed by the Baroid Division 
of the National Lead Co. The new product is a dry 
powder and contains a mixture of heavy metal oxides 
and the modified silicate known as bentone. 

Bentone is produced by reacting sodium bentonite 
with an organic ammonium or onium salt to form 
an organic onium bentonite plus salt. Insolubility 
of the onium bentonite compound favors the reac- 
tion in the direction which forms more onium 
bentonite. 


TABLE | — PROPERTIES OF BENTONE 





Composition Modified silicate 
Specific gravity 1.80 

Bulking value 15.0 Ib/gal 
Color Very light cream 


Ultimate particle size Platelets: 0.05-1.0 micron by 0.002-0.004 
micron thick 

Fineness Less than 5 per cent on 200 mesh sieve 

Less than 3.0 per cent 


Water content 
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Methods of using the new mixture most efficiently 
were investigated in an extensive research program 
conducted at the Armour Research Foundation in 
Chicago during the years 1954 and 1955. 

This development was first introduced to the cast- 
ings industry at the 1956 AFS Castings Show in 
Atlantic City where it attracted notable interest. The 
properties of bentone are shown in Table 1. 

The objective of this investigation was to deter- 
mine the merits, if any, of using bentone in the for- 
mulation of green molding sand and dry core mixes. 

A molding sand mix was derived from experi- 
mentation and has shown great promise. It consists 
of washed silica sand (130 gfn), bentone, iron oxide, 
coastal (C.R.) oil and catalyst. Aluminum, copper- 
base alloys and light weight gray iron castings have 
been successfully cast in this sand mix with excep- 
tionally good results. 

Field trials determined the average number of 
times the sand could be molded before additions of 
oil and bond were necessary. The superior quality 
of the castings was quite readily established in the 
laboratory and verified in the field. 

With aluminum and brass casting the sand did not 
require rebonding or remulling before each use. 
Tests showed that a single riddling of the sand _ be- 
tween uses sufficed for varying number of times. 
Conventional sand lab compressive strength tests 
were run. For a while it was felt that a drop in 
strength to an arbitrary minimum value would serve 
as an index of the sand’s moldability, and signal 
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when rebonding was necessary. Subsequent experi 
ence proved this was not the whole story. Mold hard- 
ness also proved a definite variable and factor. To 
date no definite test will predict when rebonding 
is necessary (Fig. 1). 

Experience indicates that rebonding through addi- 
tion of oil alone and, in some cases, oil and bond 
is necessary. The rebonding cycle and its make up 
are functions of two variables. The Btu input into 
the mold is one factor. High Btu input can affect 
the bentone as well as the oil. The higher the Btu 
input the sooner rebonding is necessary, and the 
more bentone as well as oil will be needed. Another 
factor is shakeout time. If the casting goes to shake- 
out before it has cooled below the flash point of the 
oil, burning will consume some of the oil in the 
sand. A longer shakeout time decreases oil consump- 
tion. The lower temperatures involved in non-ferrous 
casting minimize these problems. 


Results 


After nearly four months of operation at one non- 
ferrous foundry the system was analyzed for cost. 
In the average day to day operation it was found 
that 214 lb bentone per 100 lb sand were required 
to maintain working green strength. This amounted 
to approximately $24.00 per day or $10.00 per day 
over the former water sand method. The results how- 
ever, showed that one less man was needed for clean- 
ing of the castings. Scrap castings were reduced to a 
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Fig. 1 — Comprehensive strength (psi) vs. mold hardness (AFS). 
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Fig. 2— Number of rams vs. mold hardness (AFS). 
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Fig. 3 — Permeability (AFS) vs. mold hardness (AFS). 
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Fig. 4 — Aluminum aircraft parts made in oil and bentone bonded sand. 


minimum. Because of better appearance and dimen- 
sional tolerances higher prices were obtained for the 
castings. Tests showed that regardless of green strength 
of the sand, an average mold hardness of 80 to 85 
was required to make the best castings (Fig. 2-3). 
Bentone bonded oil sands were used in the casting 
of aluminum (Fig. 4). These castings ranged from 
small aircraft castings a few inches long and wide 


and quite thin, to large chunky castings six or more 
feet long and wide, and two to three feet thick. X- 
ray soundness was required of many, and a measured 
finish of 100 to 150 micro inches. 

Various brasses, both red and yellow, aluminum 
and silicon bronze, iron, nickel and even stainless 
steel castings were tried and techniques developed 
for them. 











THE USE OF EXPENDABLE GRAPHITIC MOLDS IN THE 


PRODUCTION OF SOUND, DUCTILE 
TITANIUM CASTINGS 


A. L. Feild, Jr.* and R. E. Edelman** 


ABSTRACT 

A new approach to the problem of developing a non- 
reactive mold for titanium casting applications has re- 
sulted in the fabrication of specially bonded graphite 
powder base molds. These molds can be made using con- 
ventional foundry techniques. The molds are expend- 
able, economical to produce, and strong. In addition, 
molten titanium metal poured in section thicknesses 
as great as two inches will not be contaminated by the 
mold material. 

Using a bottom-pour arc-skull furnace with a non- 
consumable tungsten electrode, pure titanium (100 
BHN Hardness) has been melted and cast into the 
standard shape 1-14-in. plug-cock velve bodies. Split- 
mold halves and internal cores of the new mold mixture 
were employed. Metallurgical and chemical tests 
showed the complete absence of reaction between the 
titanium and the mold material. There was little or no 
porosity. The castings exhibited a uniform grain size. 


. Introduction 


There have been two major problems involved in 
the casting of titanium which have delayed the de- 
velopment of-a successful casting industry up to the 
present time. The first of these concerns suitable 
melting and casting furnaces. Since molten titanium 
is extremely reactive with air and rapidly becomes 
embrittled when exposed to even minute quantities, 
it is necessary to melt and cast the metal in a vacuum 
or inert-atmosphere furnace. The task of design, con- 
struction and operation of a reliable furnace in- 
volves many complex engineering factors. A large, 
homogeneous molten pool of titanium must be main- 
tained in a non-reactive container. In addition, pro- 
visions must be made for introducing the desired 
amount of superheat into the metal and pouring a 
controlled stream at the proper time. 

The furnace tank must be completely air-tight, 
and the molten titanium must be protected by a 
suitable atmosphere. Significant strides have been 
made in furnace design and operation for casting 
refractory metals, and it is felt that even more im- 


*Metallurgist, Pigments Dept. Experimental Station, E. I. Du 
Pont De Nemours & Co., Inc., Wilmington, Del. 

**Metallurgist, Pitman-Dunn Laboratories, Frankford Arsenal, 
Phila., Pa. 
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proved equipment of larger size will be available in 
the near future. 

The second problem, on which much less progress 
has been made, is that of obtaining a mold which 
will not react with molten titanium. Such a reaction 
would cause a severe embrittlement of the metal. 
Machined graphite molds have been found to be 
non-contaminating but the machining costs are high. 
Only certain shapes can be made this way and the 
molds can be used only a few times before they spall 
and crack. The surface chill effect due to the high 
thermal conductivity of dense graphite makes it vir- 
tually impossible to obtain a relatively smooth 
surface. ; 

Water-cooled copper molds have also been used 
but here again the expense, shape limitations, and 
chill factors are even further aggravated. Silica 
molds made by conventional foundry practices react 
badly with molten titanium. The castings are full 
of internal blow holes and possess extremely rough 
contaminated surface. Shell-molding techniques for 
producing non-reactive molds were investigated by 
Battelle. A great improvement was noted using resin- 
bonded refractory oxides like zirconia, zircon and 
alumina, which were specially coated with surface 
reaction inhibitors. 

Surface pinholes and internal porosity, however, 
were generally present in any sizeable section thick- 
ness.3.4,5,.6.7 Investment type casting methods also 
have been tried on titanium but with little or no 
success. Gross reaction occurs between the refractory 
oxides and binders used in these molds. 

It can be calculated from thermodynamic consider- 
ations, and it has been observed in all experimental 
investigations, that carbon (or graphite) is more 
inert to molten titanium than any other refractory 
material. Carbon absorption is not rapid in the liquid 
state and diffusion in the solid state even at elevated 
temperatures is extremely slow. The experience with 
machined graphite molds, where instantaneous sur- 
face solidification of molten metal on the mold wall 
occurs, has shown that uncontaminated castings can 
be produced. 
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The objects of this investigation were to 1—develop 
a mold composition based on graphite which would 
approach machined graphite in lack of reactivity, 
and at the same time be amenable to existing 
foundry mold preparation procedures; 2—cast a 
standard shape of titanium in molds of this com- 
position using approved furnace techniques and 
thoroughly evaluate the properties of the castings 
thus produced; and 3—determine the course to fol- 
low for development and commercial application. 


Mold Fabrication 

The processing* of a new mold composition based 
on the use of sized synthetic graphite powders bonded 
with suitable non-reactive agents, is briefly described 
here. 

Screened synthetic graphite powders in the size 
range of —20 + 100 mesh are used as a base. The 
aggregate grain size approaches approximately an 
AFS 70 GFN which gives a fair degree of perme- 
ability in the finished mold and is not too difficult 
to bond in large shapes. The other constituents are 
dry corn starch, pulverized pitch, carbonaceous ce- 
ment, a surface-active agent and water. The optimum 
composition is: 

53% electric furnace graphite powder 
(—20 + 100 mesh) 
10% dry cornstach 


*U. S. Patent Applied For. 


Fig. 1 — Mold pattern. 
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10% pulverized pitch 
8% carbonaceous cement 
1%, surface active agent 


/O 
18°%, water 


/O 


The starch is the green binder which permits 
room temperature molding and develops considerabic 
strength. Pitch and carbonaceous cement, in combin- 
ation, form a solid high-temperature bond when tlic 
mold is fired. The use of either of these componenis 
alone results in rougher mold surfaces and lessened 
resistance to mold spalling. 

The surface active agent wets the graphite par- 
ticles, makes them compatible with starch and water 
and reduces the amount of water necessary in the 
mixture. The blending of liquid and dry components 
is therefore greatly facilitated. 

All solid components except the graphite are es- 
sentially carbon compounds and reduce to elemental 
carbon upon firing. Thus a mold is produced which 
is free of oxygen and nitrogen bearing materials 
which could contaminate the metal. 

Molds are made in a few steps and with equip- 
ment readily available in most foundries. The graph- 
ite powders are dry blended with the starch and 
pitch using a commercial cone blender. The carbona- 
ceous cement and surface active agent are mixed 
with the water in a separate container. The dry mix- 
ture is then placed in a muller and liquid components 
are added slowly. After thorough mixing the damp 
mass is removed and dumped on wood or metal 
patterns which have been previously coated with a 
special parting agent which is commercially available. 

The mold and pattern box is then pressed using 
forces of 50-85 psi of mixture contact surface. The 
mold is stripped from the pattern and dried at room 
temperature from 8 hr to 3 days, depending on size. 
Residual water is then baked out of the mold in a 
drying oven with heat gradually incredsed from 60C 
to 120C over a period of 48 hr. Finally, the mold is 
fired in a reducing atmosphere furnace at 700 C- 
900 C for 1-2 hr. After cooling, it is ready for use. 

These molds are hard, permeable and can _ be 
handled without danger of breakage. A more complete 
explanation for the fabrication of these molds is 
given in a prior publication. 

Work has shown that step-shape titanium castings 
weighing from 14 to 7 lbs can be cast in molds of 
this composition without occurrence of significant re- 
action. High purity starting material (95 BHN) re- 
tains its original hardness throughout the melting 
and casting operation. Chemical analyses indicate 
absence of contamination. Surface hardening is re- 
stricted to a thin layer in the order of 0.020 in. 
deep. Yield strength, tensile strength, elongation and 
impact strength are comparable to values obtained 
in good wrought material of the same composition. 


Casting of a Valve Body 
The purpose of this new work was to cast in ti- 
tanium a standard 114-in. plug-cock body which is a 
common commercial item in cast iron, steel or bronze. 
To do this, a special pattern was constructed of 
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Fig. 2 — Mold halves with core in place. 


mahogany and plywood, designed with a twin run- 
ner and bottom gates. The object was to fill the 
mold cavity rapidly. No top riser was employed and 
the first casting suffered some shrink in the upper 
sections. This was corrected subsequently with a 
suitable top riser. 

The pattern is shown in Fig. 1, and it can be 
seen that two mold halves produced from this one 
pattern are symmetrical about the vertical axis. They 
may be placed together face-to-face to make a com- 
plete mold. A pair of finished mold halves is illus- 
trated in Fig. 2. Note the internal core placed in 
the core prints of one of the halves. This core was 
hand rammed in a core box using the same base 











composition as the mold itself. Figure 3 shows a close 
view of a finished core. 


A charge of high purity (102 BHN) titanium 
sponge was used as melting stock in a bottom-pour 
skull furnace. After melting and casting in a cold 
mold, the mold was broken away from the cooled 
metal. Also, the sprues, runners, and gates were 
sawed off and the core knocked out. The cast valve 
body appeared as in Fig. 4 with no other treatment 
than a light sand-blast. There was no evidence of 
metal-mold reaction, on any of the exterior surfaces. 

The slightly ripped appearance of the surface is 
due to insufficient superheat in the melt combined 
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Fig. 4— Cast valve body. 





520 Grapuitic Moytp UsE For TITANIUM CASTINGs 


with the rapid chill effect of the high thermal con- 
ductivity mold. The effects of mold preheat, and the 
modification of the graphite base composition with 
carbon, will be investigated in an effort to reduce the 
steep temperature gradient at the mold wall. At the 
same time, the prolonged contact of molten metal 
with the wall must be avoided to minimize carbon 
diffusion into the surface of the casting. 

It is believed a proper balance between. these two 
factors will be obtained with additional experimen- 
tation. Of importance is the fact that no reaction of 
the metal with the core or internal surfaces was re- 
vealed, even at points of large section-size changes. 
This is a stringent test because the core is completel) 
surrounded with molten metal at one time and trap- 
ped gases and reaction products would have little 
chance to escape. The use of a hollow collapsible 
core instead of a solid one would further reduce the 
chance of any surface contamination. 

Figure 5 shows the solid cross section and lack of 
internal porosity of the walls. Etching of these wall 





Fig. 5 — Sectioned valve body. 


TABLE | —SuURFACE MICROHARDNESS TRAVERSES 








Base Hardness = 120 KHN = 105 BHN surfaces reveals a uniform fine grain size throughout. 
Dismnse Biter Sertace aren A radiograph of this half section is presented in 

Location #8 pool a Fig. 6 and indicates lack of internal porosity. 
O15” ae The problem of adequately venting the molds 
020” 118 when casting titanium must be recognized. It is fairly 
Location #2 005” 206 easy to trap inert gas or hydrogen in a metal with 
010” 142 such a relatively low density (4.54 G/cc), unless molds 
poo om of high permeability are used. In this respect it is 
025” 120 similar to aluminum or magnesium casting. The in- 
Locsin #0 005" 284 creasing use of consumable electrode melting fur- 
010” 184 naces, employing high vacuums instead of an atmos- 
O15” 150 phere of inert gases, will certainly minimize the 
poi 136 problem of gas entrapment. If gas comes from mold 

025” 118 


reaction, however, no advanced furnace engineering 
or change of mold design can cure the problem. 





TABLE 2 — CHEMICAL ANALYSES 
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Fig. 6 — Radiograph of sectioned 
valve body. 
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pose of determining the depth and degree of surface 
contamination. Table | presents three representative 
sets of Knoop Hardness values obtained and proves 
that the surface layer is shallow and is not particu- 
larly hard. Base metal hardness is reached at a depth 
of approximately 0.020 in. There is no detrimental 
contamination below approximately 0.010 in. 

Several bend tests were made on specimens taken 
from the wall of one casting. In all the samples the 
bend was between 0 T and 14T, indicating extreme 
ductility in the cast metal. The castings made were 
neither heat treated nor vacuum annealed, and all 
the properties reported are on the cast material. 

The chemical analyses obtained from representa- 
tive drillings conclusively show that uncontaminated 
castings may be produced in these molds with proper 
melting practices. Table 2 compares the chemical 
composition of the starting sponge material with the 
composition of the cast valve body. There is no ab- 
sorption of unwanted interstitial elements. The small 
increase in the hydrogen level is the only consequence 
of the melting and casting operation. 

Castings may be subjected to some type of machin- 
ing operation such as facing flanges, cutting threads 
or machining interiors to tolerance. To demonstrate 
the ability of these castings to be satisfactorily ma- 
chined, threads were cut in one valve body on a 
lathe using a high-speed steel tool. Figure 7 shows 
the threaded casting openings of 114-in. IPS and 2-in. 
IPS size. No difficulty was encountered in this opera- 
tion and no internal voids were encountered in this 
operation. 

A hydrostatic test was conducted on this casting 
for the purpose of determining pressure tightness. 
The threaded openings of the casting were sealed by 
insertion of appropriate cabon steel pipe plugs. Water 
was used as the fluid and was introduced through a 
special fitting in one of the plugs. At a pressure of 
300 psi, the test was stopped because of a faulty plug 
connection. The casting showed no leaking at this 
pressure. The test will be repeated in the future 
with redesigned plugs. 


Furnace Operation 

A bottom-pour furnace was used to cast the valve 
body described in this report. It consists essentially of 
a water-cooled copper crucible 12 in. in diameter, a 
water-cooled l-in. diameter tungsten-tipped electrode, 
an apparatus to supply an inert atmosphere having a 
ratio of eight parts helium to one part argon, and a 
molybdenum sheet serving as a stopper. 

A charge of 40 lb of titanium sponge was loaded 
into the furnace. After 1714-min, approximately 12 
lb of molten metal was poured. There was no ad- 
ditional pressure outside of the normal gravity feed, 
although an apparatus is available on the furnace to 
increase the pouring rate. Different power setting 
were employed and the total kilowatt hours per Ib 
of metal poured was 0.8. 

At the time of pouring, the pressure gages indicated 
there were no large pressure rises. This lack of an 
internal pressure increase is further indication of the 
lack of reaction between the molten titanium and 












Fig. 7 — Threaded valve body. 


the mold wall. A complete description of the furnace 
and its operation is given in the literature. 


Discussion 

The work reported in this paper has been con- 
ducted orf a limited scale but has served to dem- 
onstrate conclusively that titanium can be cast into 
desired shapes provided a satisfactory mold material 
is used. Much remains to be done before this process, 
or further modifications of it, can be expanded into 
a commercial production scale in the foundry. 

There appear to be two significant problems con- 
cerning the mold material which will need systematic 
investigation. One is the amount of water necessary 
to produce a mixture which can be properly rammed 
or pressed. The surface-active agent used has helped 
to reduce necessary water considerably. Further reduc- 
tion to the level of perhaps 6 per cent to 8 per cent is 
desirable to obviate cracking problems in the molds 


during drying. 


The proper blends of particle sizes and their dis- 
tribution in the mold aggregate is extremely im- 
portant. Better equipment for mixing and blending 
would undoubtedly reduce the amount of both the 
binder and the liquid vehicle necessary. The other 
problem concerns the proper control of mold _ ther- 
mal conductivity or mold temperature to permit 
castings with smooth walls to be produced. 

The extremely rapid chill of the present molds 
with large percentages of graphite produces a rippled 
surface. In addition, with present type melting fur- 
naces, it is difficult to obtain sufficient superheat in 
the molten charge. One possible solution would be 
proper preheating of the molds before casting to de- 
crease the temperature gradient between molten 
metal and mold wall. This will reduce the cooling 
rate of the metal. This conductivity aspect may have 
to be closely controlled, however, to prevent exces- 
sive contact of molten metal with the mold wall. 
Such contact would increase the possibility of .con- 
tamination of the finished casting. 











Summary 


It has been demonstrated that shaped unalloyed 
titanium castings can be produced without contami- 
nation in a newly developed expendable graphite 
powder mold made by ordinary foundry techniques. 
Careful tests show the castings to have no surface 
pinholes and no internal porosity due to the reac- 
tion with the mold. Chemical analyses reveal to be 
essentially of the same purity as the original charged 
material. Mechanical tests illustrate excellent ductil- 
ity and machinability. The surface hardened layer 
does not exceed 0.020 in. depth and 300 KHN in 
hardness. The use of internal cores presents no prob- 
lems in reaction or knockout. 

The mold material shows great promsie but fur- 
ther development is needed to eliminate processing 
problems associated with the high water content. 
Also, the surface finish of castings made in these 
molds must be improved to eliminate wrinkles caused 
by too rapid a chill. Mold preheat, greater metal 
superheat, and modification of the composition are 
some of the possibilities that will be investigated. 





GrRaPHitTic Moytp UsE For TITANIUM CASTINGS 






References 


1. Beall, Wood & Roberson — “Large Titanium Castings Pro- 
duced Successfully” Journal of Metals, July 1955. 

2. Armour Research Foundation — “Casting of Titanium anc 
Titanium-Base Alloys” — Final Report NS-Di3-118, NOBS 6122 
April 26, 1954. 

3. R. M. Lang, J. Gissy, G. H. Schippereit and J. G. Kura 
“Expendable Molds for Titanium Castings” — AFS TRANSACTIONS 
Vol. 62 (1954). 

4. R. M. Lang, J. Gissy, G. H. Schippereit & J. G. Kura — “Sur- 
face Contamination and Bend Ductility of Titanium Castings” 
AFS Transactions, Vol. 62 (1954). 

5. R. M. Lang — “Shell Molds for Titanium Castings” — 
American Foundryman, March 1954, pp. 60-62. 

6. R. M. Lang, J. G. Kura & J. H. Jackson — “Evaluation of 





Mold Materials for Titanium Castings” — AFS TRANSACTIONS, 
Vol. 61 (1953) pp. 540-545. 

7. J. G. Kura — “Titanium Casting Research Tests Shell 
Molded Refractories” — Iron Age, Vol. 170, No. 18, Oct. 30, 1952, 
pp. 88-92. 

8. A. L. Feild, Jr. — “Expendable Molds for Titanium Cast- 


ings” — Metal Progress, October 1956, pp. 92-96. 

9. Simmons, McCurdy, and Edelman — “A Bottom-Pour, Arc- 
Type Furnace for Melting and Casting of Titanium” — AFS 
Transactions. Vol. 62. 








IMPROVING FOUNDRY LAYOUT 























By 
* Roger B. Sinclair* 
“ Introduction Plant Study 
Few foundries have been fortunate enough to All layout, whether the overall arrangement of a 
t- start with a well-planned layout. Most have grown and foundry, the study of one department, the study of a 
expanded through the years with no comprehensive single work station or of an individual operation 
“i overall layout plan. The inevitable results have been hinges on two factors: 
nage ene ia, Psy abe AR ayo arene, Pees ABS 1. The flow of material and product through the 
excessive costs of operations in general. : ’ 
. / : section under study. 
Nevertheless, good layout is possible and it can 2. The order of all items within the sections under 
offer tremendous savings in time and money. Found- study. 
ries recognize that layout affects the cost of every- 
thing used or handled in making a casting. It affects The study of flow produces the best arrangement 
the efficiency of workers and the productivity of ma- of men, machines, material and equipment, to carry 
chines. This special analysis describes and illustrates out operations in their correct sequence without de- 
the stages of layout analysis and steps toward im- lay or interruptions. 
proving layout. It will answer many questions that Order maintains good flow when production is in 
all foundrymen have always wanted to ask. process. 


Both items are essential. You cannot maintain good 

flow unless order exists and it is difficult to main- 

*Head, Management Engineering Division, Meehanite Metals tain order unless the flow of materials and equipment 
Corp., New Rochelle, New York. 1S right. 


Fig. 1 — Layout involves the flow 
of material, products and the order 
of all items. 
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With that concept in mind, the most efficeint lay- 
out would be a production line set-up, with materials 
entering at one end, moving through each operation 
until the finished casting emerges from the shipping 
room. (Fig. 1) 

This is true “line-production” which is rarely pos- 
sible in foundry layout, even for foundries with large 
quantities of similar castings to 1.- ke. At its best, good 
layout is a compromise between what is theoretically 
correct and what is practical and economical. 

Foundry layout is mainly layout by process. This 
means that part operations are completed in depart- 
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Fig. 2 — Production sequence is vital factor in any plan for 
foundry layout. 
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Fig. 3 — First step in layout involves a flow diagram with no 
attention paid to details. 
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Fig. 4 — Second step is the imposing of flow lines on existing 
plant facilities. 
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ments and the work transferred in various stages of 
completion from one process to the next. 

In the making of a casting, a definite sequence of 
operations is followed. This sequence should be in- 
corporated into the physical arrangement of buildings. 

Beginning with: 


Flask preparation, 

Setting of the pattern, 

Ramming of the mold, 

Finishing, drying and closing of the mold, 

Pouring off, 

Shakeout, 

Cleaning, chipping, grinding and finally—Shipment 
of the castings, these operations should remain in 
line wherever possible. All other operations are 
service. 

Service operations such as the making and finish- 
ing of cores, the melting and tapping, the supply of 
sand, etc.—should enter the line of manufacture at 
the right point and at the right time. 

There are of course, variations in production se- 
quence between the various types of foundries. A 
mechanized production plant will differ in its basic 
layout from a non-mechanized jobbing foundry and 
very often the physical arrangement of existing build- 
ings will change the flow picture from foundry to 
foundry. 

Whatever the physical building arrangements or 
the type of foundry may be, the sequence of produc- 
tion should be considered in the arrangement of the 
overall layout. (Fig. 2) 

With this basic principle in mind, you are ready 
to start a plan for better foundry layout. 

For the first step in the overall layout study you 
need a plan of your foundry site which must show 
building outlines, railroad spurs, all permanent and 
temporary installations such as steelwork, founda- 
tions, walls, partitions, underground tanks, pits, etc. 

Over this general layout, superimpose your flow 
lines. Differentiate between product flow, material 
flow and production equipment. Indicate, wherever 
possible, the complete cycle of flow, from the mo- 
ment a material enters production to the time it 
returns to storage, disposal or shipment. 

Figure 3 is a typical illustration of such a flow 
diagram, which covers the overall foundry operations 
only, without attention to detail. 

Now examine the purpose of each operation. 
Study the routing of materials into and out of each 
department. Can you reduce handling distance by 
relocation of departments? Are the physical arrange- 
ments of buildings or departments best suited for 
the purpose? Can you combine certain sections? 

To sum up the first stage of layout planning, re- 
view your plant as a whole. Establish the best pos- 
sible relationship of production departments to each 
other and set up a flow pattern within the limita- 
tions or your buildings and budget. 

Start with a theoretical ideal—tone it down to prac- 
tical limits. 

When you are satisfied that the overall layout is as 
good as buildings and structural limitations will per- 
mit, turn your attention to individual departments. 
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A second study is the second phase of layout study 
and improvement. It deals with the perfection of the 
| individual departments which make up a foundry. 

It starts as before, with a study of your present 
departmental layout. Prepare a layout of each de- 
partment and show the present location of machines, 
ovens, conveyors, racks, cranes, etc. Be sure to in- 
clude everything on this plan that can normally be 
found on your floor. If there is a waste of floor 
space in a certain area of one department show it on 
your plan. Don’t deceive yourself at this stage, illus- 
trate your layout as it really is. 

Then superimpose your flow lines. Differentiate 
again between materials, equipment and product and 
show the routing of all items used in the operation 
of the department. 

Develop your questioning attitude towards all 
phases of your present operations. 

The same principles of flow and operational se- 
quence will determine the best arrangement of ma- 
chines, the location of ovens and other fixed 
equipment, the flow for materials and positioning 
of men. 

The study of the functions of the department 
| determines the equipment to be used, the capacities 
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of cranes, the types and size of material handling 
equipment and the choice and position of other pro- 
duction tools. 

It is important at this stage to avoid any rigidity. 
All departments should remain flexible, prepared to 
meet changes in product and quantities. All physical 
arrangements should be laid out with a view to ex- 
pansion or further mechanization. 


This can best be described by several illustrations 
which show how the principles of good and direct 
flow are maintained in the study of individual 
departments. 


Figure 4 illustrates a heavy floor molding area. 

It indicates correct flow from ramming to pattern 
draw and finishing; the handling of molds through 
loading, drying and unloading stages at the mold 
oven; the final setting out of dried molds in the 
pour off area, ready for close-up. Note the correct 
positioning of the coreroom and the adequate serv- 
ice facilities and aisles, both in the handling of cores 
and in the distribution of patterns and equipment. 
A particularly good feature is the close proximity of 
the cupolas to the pour off area, reducing metal 
handling to a minimum. 
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the product, its size and volume. 
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Another layout study, showing the flow through a 
coreroom is illustrated in Fig. 5. 

It shows a good arrangement for core sand storage 
and muller. It indicates lines of sand distribution 
to. various coremaking sections: Note that the se- 
quence of production, from coremaking to drying, 
finishing, pasting, inspection and storage has been 
maintained for bench, heavy and machine cores, 
which are all made in this coreroom. Close proximity 
between all operations reduces handling to a min- 
imum. 

Yet another layout, the study of a machine molding 
section, is illustrated in Fig. 6. 

The routing of flasks directly to the two sets of 
machines and the handling of cores to the close-up 
stations is noteworthy. Handling of the final mold 
via transfer cars to pour-off conveyors illustrates 
good and inexpensive handling with a minimum of 
labor. 

Summing up the second stage of layout 
improvement: 


Review each department separately. 

Plan the departmental processes around the product 
—considering its size and anticipated volume. 

Establish the best suitable production equipment. 

When process and machinery are established, consider 
services, handling facilities and other production 
requirements. 

Maintain wherever possible operational sequence and 
direct flow. 


Again begin with the theoretical ideal, then trim 
it to the limits of practicability and your budget. 
When the departmental study is completed, turn 
to the final stage of layout planning. This is the 
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Fig. 7 — Former layout shows more steps in operation and 
use of hand, pallet trucks. 
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study and improvement of individual operations or 
work stations within each department. 

This stage is more limited in its scope. It aims for 
improvement of individual tasks by provision of easy 
access to each station, by planning for economy of 
movements in the performance of operations, by pro- 
viding the best possible handling aids. 

The execution of this final stage can differ widely. 
A great deal can be done by observation alone. 
Watch an operation through several cycles. Note 
the delays, inefficiencies or bottlenecks. Appraise 
critically the available handling aids and other tools. 
Study carefully the positions of individual operators 
and the ease of their movements. 

Where industrial engineering aid is available, flow 
process charts, machine-operator charts and other de- 
tailed studies can provide indications of better 
methods. 

Such a study—in this case the investigation of a 
grinding operation in a cleaning room—can yield 
substantial savings, as illustrated in Figs. 7 and 8. 
Figure 7 shows the layout and flow process chart of 
the old arrangement. Figure 8 illustrates the im- 
proved layout and method of production. 


The improvement shows the following savings: 

Manpower reduced from 13 to 7 men. 

Total distance travelled reduced from 590 ft to 345 
ft. 

Number of operations reduced from 15 to 13. 

Total time cycle reduced from approx. 22 min. to 
approx. 9 min. 


Each station, each machine or even each individual 
operation can be studied and analyzed in this man- 
ner. The object is improved work station layout to 
obtain maximum productivity. 
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Fig. 8 — Straight line flow and employing lift trucks, convey- 
ors cuts time cycle. 
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Fig. 9 — Template planning puts 
realism in the layout. 

















To sum up the final stage—give attention to de- 
tail. Study each part of a department with the object 
of isolating the little inefficiencies and delays which, 
when added together, consume such a large part of 
an operating cycle. Whether by observation or detailed 
study, individual efficiency depends on the effective- 
ness of this stage of layout improvement. 

The complexities which have entered out industry 
in recent years in the form of more complicated ma- 
chinery and equipment, the use of more and bigger 
handling equipment and the trend towards more 
mechanization and even automation have made plan- 
ning for greater production a complex affair. 

Planning today has become a combined operation. 
It takes technical as well as non-technical men to 
combine their thoughts and reach agreement on bet- 
ter layout; to get not only a technically perfect but 
also a financially sound operation. 

This is where template planning and 3 dimensional 
models can be invaluable. 

Templates are widely used and self-explanatory in 
application. You place cut-outs of equipment and 


Fig. 10 — Wrong—Omission of 
equipment defeats purpose of 
templates. 


machines on a floor plan of the department under 
investigation. This is shown in Fig. 9. 

Be sure to avoid one pitfall when using templates! 
You must include in your plan everything that is 
actually in use on the floor, not just major equip- 
ment and machines and partitions as shown in Fig. 
19 but also conveyors, work benches, boxes, buckets, 
racks, and the usual assortment of tools required in 
normal process, as shown in Fig. 11. 

Remember in template planning to include in your 
layout everything that is used by the men in the shop 
in performing their duties. 

But even template planning is often inadequate 
because the space above the floor has become a ma- 
jor consideration, particularly in material handling 
and storage. 

Planning today must consider cubage or 3-dimen- 
sional space. The advantages of layout planning with 
models instead of templates are so outstanding that 
they easily compensate for the higher cost. 

Three-dimensional planning is more flexible. It is 
a simple task to create alternate plans. Advantages 
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Fig. 11 — Right—Attention to de- 
tail results in accurate layouts. 








or bottlenecks are quickly recognizable. It makes the 
project easily understood, particularly by the non- 
technical members of the planning team. It reduces 
planning errors such as structural interference or in- 
adequate clearance. Such errors are frequent and 


costly to correct. 
Three-dimensional models can also be used in fore- 


man and personnel training. It is easy to demon- 
strate new functions and changes in methods. Better 
understanding of all departments and operations 
gives the-men in the shop a better chance to co- 
operate in making the new plan work right. 


« 





For anyone starting a layout improvement pro- 
gram today, the 3-dimensional model is the best pos- 
sible beginning. 

Figures 12 to 15 illustrate several views of a 3- 
dimensional model of an old jobbing foundry. With 
the help of 3-dimensional planning this foundry has 
done an outstanding job in improving production 
facilities, reduction of material handling and lower- 
ing of manufacturing costs. 

In addition to the methods of layout planning, 
some important hints and pointers of “do’s and 
don'ts” are given in the following paragraphs. 
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Fig. 12 — Three-dimensional mod- 

els will easily pay for their higher 

costs through a more accurate 
plant view. 
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Fig. 13 — Bottlenecks are spotted (4g 
quickly when each detail is shown 
as it exists. 


Fig. 14 — Utilities, handling equip- 

ment must be considered when un- 

dertaking any changes in the lay- 
out of the plant. 


Fig. 15 — Good layouts allow non- 

technical staff members to under- 

stand the problems involved in 
each department. 
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Fig. 16 — Combining charging and 

charge make-up result in new in- 

stallation paying for itself within 
just one year. 
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If your plans include new buildings, be sure to 
allow for possible expansion or future changes in 
product and process. 

Think about services and utilities required by pro- 
duction or handling equipment. Investigate the econ- 
omies of grouping. 

Don’t forget the maintenance engineer. Give him 
adequate access to all equipment and machinery 
above as well as below the ground. 

Make your planning a combined operation. Every- 
body connected with the running of a department 
should contribute his ideas or requirements. Only in 
this manner can all sides of a problem be fully under- 
stood and considered. 

In the following pages several interesting applica- 
tions of layout planning are described and illustrated. 
Some of them contain “before and after” illustra- 
tions which indicate clearly the outstanding improve- 
ments which can be obtained by following the 
principles of sound planning of foundry layout. 

The first application comes from a foundry yard 
and deals with charge make-up and charging opera- 
tions. This foundry wanted to retain hand charging 
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Fig. 17 — Typical arrangement of non-mechanized squeezer 
floor shows inefficient use of space. 














but planned to reduce the approximate 32 manhours 
per day required for an average 20-ton heat 
production. 

Following a study of the sequence of charge make- 
up and charging, a simple procedure was devised 
combining the operations. 

The procedure, illustrated in Fig. 16, shows 
schematically the procedure now followed. Charge 
components are raked from elevated bins into charge 
boxes suspended from a scale. The box travels to the 
cupola platform on a monorail where it is hoisted 
and positioned in front of the cupola, ready for 
charging. 

The cost of this installation was recovered in ap- 
proximately one year from labor savings alone. 

The next installation describes changes in a 
squeezer operation. Figure 17 shows a typical arrange- 
ment of a squeezer floor, completely non-mechanized. 

Layout studies revealed the excessive time losses in 
mold and sand handling. Although overhead sand 
supply would have been desirable, it was decided to 
concentrate as a first step on mold and equipment 
handling. 
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Fig. 18 — Operations have been improved by cutting exces- 
sive time losses in sand and mold handling. 
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Fig. 19 — Previous core room layout suffered from limited 
access and available work space. 


Figure 18 shows the changes in layout which, apart 
from relocation and bins provided good access to all 
stations and reduced mold handling through the use 
of roller tracks and transfer cars in another case. 

This foundry enjoyed high productivity even before 
the layout changes, but further boosted output of 
individual squeezer molders from 10 to 15 per cent. 

The next example shows changes of methods and 
layout in the making of medium and heavy cores. 
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BEFORE 


Fig. 21 — Inefficient use of crane and service aisles led to 
excessive delays in heavy molding department. 
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Fig. 20 — Installing handling equipment and relocating bins 
, has streamlined operations. 


The original layout, illustrated in Fig. 19, restricted 
to a bare minimum the work area available to 
coremakers. 

Much of the floor space was taken up by core 
boxes, finished cores and miscellaneous storage and 
the resulting handling difficulties became costlier 
with increasing production from this area. 

A revision of the layout is shown in Fig. 20. This 
improvement included a larger heavy coremaking 
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Fig. 22 — Individual output was increased without cash out- 
lay by making efficient use of existing facilites. 
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Fg. 23 — Poor layout of floor space resulted in excessive pro- 
duction costs in the cleaning room 
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Fig. 25 — Sequence and flow are needed for efficient opera- 
tion. 
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Fig. 24 — Better use of service aisles kept the product in 
motion once processing had started. 


area, the provision of service aisles for sand and core 
box distribution, the use of roller tracks for tempo- 
rary storage of medium sized cores and the installa- 
tion of a small rollover machine for coremaking in 
the medium range. 

Particularly noteworthy is the fact that the sequence 
of coremaking operations has been maintained in 
spite of building layout restrictions. 

Coremaking time has, in many instances, been 
reduced by over 50 per cent particularly in the heavy 
range, while the use of rollover equipment boosted 
output over 100 per cent on repetitive items. 

Figure 21 illustrates the old layout of part of a 
heavy molding floor. This was a problem of handling 
and distributing cores, flask equipment and patterns. 
Considerable difficulties were encountered in finding 
adequate crane service. 

Through a change in layout and provision of 
adequate service aisles, many of the handling prob- 
lems were satisfactorily solved. Crane delays were 
almost completely eliminated and delays in produc- 
tion, which frequently exceeded 20 per cent of a 
man’s time, were reduced to acceptable limits. 

The improved layout shown in Fig. 22 did not 
involve any capital expenditure and boosted indivi- 
dual output by more than 25 per cent in many 
cases. 

In the next example, a similar condition of exces- 
sive delays in the operation of a cleaning room could 
be attributed to a poor layout, which is illustrated in 
Fig. 23. 

The rearrangement of the work areas was carried 
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Fig. 26 — Flow lines of materials 
and products in cope and drag 

bumper set up show advantages to 
be gained with planned layout. 


B BACKING Sand 
F fFacine sand 


out to provide a step-by-step processing of castings 
of heavy, medium and light weight. The sequence 
of operations was maintained in the layout of the 
equipment, thus reducing to a minimum the handling 
requirements during and between processes. 

The revised layout which is shown in Fig. 24 also 
illustrates the service aisles which were important to 
keep the product on the move once the process had 
started. Other improvements include the relocation 
of the tumbling blast barrel, the installation of a 
continuous sorting belt and a small overhead crane. 

Capital expenditures were small and paid for in 
less than a year by labor savings and overtime re- 
duction. 

Figure 25 is another core room installation of 
particular interest in view of the good flow features 
for both large and small cores. The flow lines on 
this illustration show again the incorporation of op- 
erating sequence into the layout. 
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One particular feature of interest in this layout is 
the large core oven, which by its location and provi- 
sion with doors at either end can be used to serve 
the core room during the day and the foundry during 
the night. 

Figure 26 is yet another illustration of a well plan- 
ned cope and drag bumper set-up, to work in con- 
junction with a roll-over machine. 

The flow lines for both materials and product in- 
dicate the many advantages obtained from a lay- 
out of this kind. 

All in all, layout study and improvement, such as 
that demonstrated here, has become an essential part 
of management’s task in running a profitable foundry 
operation. 

In addition to the efficiency gained by layout 
study, however, there must be included the contin- 
uous improvement of operating facilities in line with 
product changes and advancement in methods. 











CONTROLLED GAS CONTENT IN FOUNDRY WORK 


By 


E. Scheuer* 


Introduction 


The practice of deliberately introducing gas into 
molten metal in order to reduce shrinkage defects in 
castings made from it is not new, and is fairly widely 
used in the field of aluminum permanent mold cast- 
ing.!-3 Moreover, it has been found recently that in 
the field of bronze castings the unintentionally intro- 
duced gas content is of beneficial influence, especi- 
ally with respect to leak proofness.4,5.6 

However, the process has, not yet received the 
attention it deserves from investigators. The author 
feels that most founders tend to consider it as an 
objectionable way out of difficulties, and would like to 
maintain the impression that their castings are 
perfectly fed in every part. This attitude is unjusti- 
fied, as it is well known that in a considerable pro- 
portion of industrial castings the effort and time 
necessary to develop and to put into production a 
casting method which ensures perfect feeding would 
be vastly uneconomical if it were at all technic- 
ally possible in all cases. 

Faced with the alternative of receiving either cast- 
ings with concentrated local shrinkage or with fairly 
uniformly distributed gas porosity, the designer quite 
openly and rationally will prefer the latter because 
it will have more consistent and predictable if gen- 
erally somewhat lower mechanical strength than the 
former.? 

As a consequence of the reticence of the founders 
on the point of gassing, the method was not de- 
veloped on rational lines and the castings produced 
were generally not as good as they could have been 
had the process been more frankly discussed and in- 
vestigated. 

The work described in this paper, starting from 
difficulties arising in practical foundry work, is of- 
fered as a somewhat tentative contribution toward 
remedying this neglect. 

The main results of the work®.® are: 


1) Development of a laboratory scale casting mold 
which allows surface shrinkage effects to be con- 
sistently produced under controlled conditions. 

2) Confirmation and more detailed study of the effect 
of gas content on surface shrinkage. 


*International Alloys, Ltd., Aylesbury, Bucks., England. 


3) Development of a simplified method of control- 
ling the gas content of a melt, suitable for use in 
practical foundry work. 


The starting point of the present work was the fre- 
quently occurring complaints of permanent mold 
foundries regarding occasional runs with heavy re- 
jection rates due to surface shrinkage defects in cast- 
ings which had been produced for long runs with 
normal rejection figures. As no intentional change of 
production method had taken place, the suspicion 
arose that certain batches of alloy ingots differed 
from others in their tendency to produce surface 
shrinkage. Complaints of this nature are well known 
to producers of casting alloys and are extremely 
difficult to investigate, as the only evidence available 
to the foundry is statistical (rejection rates), and this 
method is too cumbrous for laboratory investigation. 


Shrinkage Die Test 


The author and his colleagues endeavored for some 
time to reproduce the surface shrinkage effect in a 
simple and reliable laboratory test, and a certain 
measure of success was achieved in 1950.8.* 

It was recognized from the beginning that two 
conditions are necessary in producing surface shrink- 
age: 


1) A casting which is cut off from feeding by either 
gates or risers before a solid skin had formed over 
its whole surface. 

2) A “hot spot” where the solidification of the sur- 
face was delayed in relation to other parts of the 
surface. 


A simple shape meeting Condition 1) is a com- 
paratively thin slab with a wide but thin gate and 
no riser. 

Condition 2), after many unsuccessful attempts, 
was found to be best met by a refractory pad in- 
serted in the center of one side of the slab. In the 
final design this hot spot took the shape of a plug 
made up from molding sand which fills a shallow 


*The author and his colleagues wish to acknowledge here the 
work of the late Prof. G. Masing!® who independently and 
earlier used the same principle on which their test is based. 
They became aware of his priority only after their work wa: 
completed. 
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Fig. 1 — Plan show- 
ing design of the 
surtace shrinkage die. 
1 and 2—-side of die; 
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circular recess of the steel mold and which is coated 
with graphite.t 

The mold design arrived at on the basis of this 
work is represented by Figs. 1 and 2. The casting is 
shown in Fig. 3. The mold comprises four slabs 
2x2x14-in. cast in the vertical position from one cen- 
tral downgate and one horizontal runner in two pairs. 
The slabs are connected to the horizontal runner via 
a slot 14-in. thick running over the whole bottom 
edge; on top of the slab are three vents of about 
0.04-sq in. cross-section. 

The four slab molds carry one hot spot each, all 
of different diameters. It was hoped that different 
alloys would be recognizable by the minimum size of 
hot spot which would produce a surface shrinkage. 
This hope was not fulfilled. Therefore, it is proba- 
bly quite sufficient to produce 1-2 slabs with a hot 
spot of 14-34-in. diameter. Further, the complication 
of making the thickness of the in-gate adjustable can 
not be eliminated as 14-in. has been found satisfac- 
tory for all purposes. 

In the first die the plates were parallel and vertical 
in order to avoid any asymmetry in solidification. 
This makes the extraction of the central part of the 
die somewhat difficult. The slabs must be eased off 
this part by means of a chisel-edged lever before the 
steel part can be removd. 

This can be avoided by altering the mold so that 
the tops of the four slabs are tilted slightly outward, 
away from the central plane. It is considered essen- 
tial to provide the insulating air spaces between the 
die parts enclosing the downgate (4, Fig. 1) and those 


+A more suitable filler now in use is 5 per cent graphite (semi- 
colloidal) and 95 per cent alundum cement. 





Fig. 2— Die as used showing sand cores. 





Fig. 3 — Casting produced frorn the die. 
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forming the cavity for the slabs (1) (2) (3) in order 
to prevent temperature gradients along the mold. 
With this die surface shrinkage defects very similar 
to those found in actual castings could be produced 
with regularity, Figs. 4 and 5. The metal temperature 
was found to be not very critical; variations of + 
20 C were of no significant influence on the results 
of the test. Similarly, the die temperature was found 
to be not very critical. A die temperature of about 
150 C was found to be convenient for casting, and 
can easily be maintained by keeping the die on an 
electric hot plate and covering it with asbestos cloth 
in intervals between casts. Our practice is to keep the 
metal temperature (measured in the hand ladle by 





Fig. 4— Surface shrinkage in actual casting and shrinkage 
die test. LM.4 alloy (long freezing range). 



















means of a quick-acting Tinsley D.C. amplifier in- 
strument) at 700C + 10. Pouring is done as rapidly 
as the downgate will take the metal. 


Relations Between Surface Shrinkage 
and Mode of Solidification 

A short series of experiments was carried out to 
demonstrate the relation between shrinkage and mode 
of solidification in a given alloy series. Figure 6 
shows a group of slabs cast in binary Al-Cu alloys, 
and Fig. 7 a similar group of alloys in the Al1-Si 
binary system. The composition of the alloys is cal- 
culated so as to give about equal percentages of eutec- 
tic in both cases. 

It can be observed as expected that in composition 
with very small solidification interval (pure Al or 
100 per cent eutectic) there are deep, smooth shrink- 
age recesses or, in some cases, no shrinkage at all, 
owing to a solid skin being formed rapidly which 
withstands the pressure of the atmosphere when in- 
ternal shrinkage starts. In these cases a shallow de- 
pression of the solid shell sometimes replaces the outer 
shrinkage. A small percentage of primary crystals 
does not materially change that picture (Figs. 6 and 
7). 

In the alloys containing 5 per cent and 50 per 
cent of primary aluminum crystals, the shrinkage 
cavity has the frosted appearance resulting from in- 
terdendtritic drainage of the eutectic. Further collapse 
of the dendritic network under atmospheric pressure 
and also under the restraining influence of the edges 
of the casting which solidify before the center, re- 
sults in considerable hot tearing. 

It is also significant that, with 50 per cent eu- 
tectic, there is a tendency for the skin of the casting 
to collapse over an area considerably larger than the 
hot spot, while with alloys containing 5 or 100 per 


Fig. 5 — Surface 
shrinkage in actual 
casting and shrink- 
age die test. LM.6 
alloy (short freez- 
ing range). 
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50% eutectic 


6% above 
eutectic content 


100% eutectic 


Fig. 6 — Influence of mode of solidification in the aluminum-copper series of binary alloys. 


cent eutectic the area of collapse is more closely 
related if not entirely restricted to the area of the 
hot spot. In the case of 100 per cent eutectic and 
hyper-eutectic alloys the shallow depression caused 
by the sinking of a solid skin, however, also extends 
far beyond the hot spot. 


Shrinkage Test on “Good” and “Bad” 
Batches of Metal 


The shrinkage die test was applied to the investi- 
gation of various batches of an alloy to BS. 1490 
LM.4* which had been indicated by the foundry as 
“good” or “bad” according to the amounts of re- 
jects through surface defects observed during the 
time they were used in the foundry. 

Analysis, including spectographic checks on un- 
common impurities, had already been carried out 
and failed to produce any correlation with the ob- 
servations of the foundry. Ingots from the various 
batches were now cast into the shrinkage testing die 
under strictly controlled conditions of melting, de- 
gassing and pouring. 

No significant differences in the appearance of 
the test slabs produced from “good” or “bad” batches 
were observed. It was also confirmed that no signifi- 
cant differences in the appearance of the shrinkage 
die test could be observed in connection with the 
variation of either main components or normal im- 
purities inside the specification limits in this alloy. 

The only factor found to influence strongly the 
outcome of the shrinkage test was the gas content. 





*Nominal composition Cu 3%, Mg 0.05%, Si 5.5%, Fe 0.7%, 
Mn 0.4%, about equivalent to A.S.T.M. B108-50T, Alloy SC64B. 


/o? 


The observation that some castings submitted by the 
foundry as ‘good’ were very porous, Fig. 8A, while 
castings with shrinkage defects, Fig. 8B, submitted as 
being cast from ‘bad’ metal were much less porous, 
suggested that differences in gas content could be 
involved. 


The foundry producing the castings under con- 
sideration applies a gassing compound to the metal 
used for many of its castings, including those sub- 
mitted. 


In the shrinkage tests carried out on various metal 
batches thus far the metal was always degassed by 
adequate treatment with chlorine in the form of 
hexachlorethane tablets. Treated in this way the 
‘good’ and ‘bad’ metal batches showed identical 
shrinkage defects if the gas was removed from both 
(Fig.9). Replacing this treatment by saturation of 
the melt with hydrogen bubbled from a steel con- 
tainer, complete elimination of the hot tears and 
considerable reduction of the frosted area was 
achieved (Fig.10) . 


It was concluded that inconsistences in gas con- 
tent had been the controlling factor in the fluctua- 
tion of reject rates on shrinkage. It seemed improba- 
ble that the differences in gas content responsible 
for the fluctuations in shrinkage defects were due to 
gas retained in the ingots supplied to the foundry, 
as the metal was not only exposed to some contact 
with gases, as is normal in melting in oil-fired pot 
furnaces, but also a deliberate gassing treatment was 
carried out before casting by plunging a gassing 
preparation into the melt in the pot. 





Pure Al Al-Si 
99.7% 5% eutectic 


50% eutectic 


3% above 
eutectic 


100% eutectic 


Fig. 7 —Influence of the mode of solidification in the aluminum-silicon series of binary alloys. 











A—Without shrinkage B—With shrinkage 
defects defects 


Fig. 8 — Porosity in sections of casting LM.4 alloy. X4.5. 





Fig. 9 —Identical shrinkage detect in degassed metal from 
casting without shrinkage defects (Fig. 8A), and with shrinkage 
defects (Fig. 8B). 





1-in. diam. 


Degassed 


14-in. diam. 


14-in. diam. 


Gassed 
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This treatment produces a short but rather violent 
bubbling of hydrogen or water vapor through the 
metal and, if carried out thoroughly, results in a 
near saturation of the melt with hydrogen. After the 
treatment, however, the hydrogen content of the melt 
is rapidly lowered by loss of hydrogen to the air 
through the top of the melt. 

The rapidity of the fall in gas content is illus- 
trated in Fig. 11, where the gas content of a 200-lb 
melt is plotted against time. The gas content was 
determined by the vacuum solidification method and 
is expressed in an arbitrary rating of which zero 
signifies gas-free metal and 10 approximately satura- 
tion in the case under consideration. A gas content 
equivalent to rating No. 4-5 is the critical range where 
shrinkage defects begin to appear, increasing in se- 
verity as the gas content drops. For about the first 
110 min the gas content was kept high by bubbling 
hydrogen through the metal. 

After the measurements (marked with a dot inside 
a circle), the hydrogen bubbling was stopped. The 
effect is a sharp drop of the gas content, the rating 
number having dropped to half of its initial value 
in less than 10 min. It was found that the critical 
gas content range was reached about 5 min after 
stopping the hydrogen flow at a gas rating of 6-7. 

Ransley!1 has also confirmed the very rapid pene- 
tration of hydrogen over considerable distances in 
liquid aluminum. 

The rapid drop in gas content on standing, to- 
gether with the inconsistent efficiency of the gassing 
treatment, are probably the main reasons for the 
fluctuations in rejection rates on castings sensitive 
to surface shrinkage. 


Control of Gas Content in the Foundry 


Efforts were made to find out whether any efficient 
control of the gas content would suppress these fluc- 
tuations. A method for maintaining a desired gas 
control in an aluminum melt has been described by 
the British Non-Ferrous Metals Research As- 
sociation.12 This method involves the bubbling of 
adjustable mixtures of hydrogen with an inert gas 
(nitrogen) and the covering of at least a part of the 
melt surface with a hood under which the gas mix- 
ture is retained after bubbling through the melt. 

Both these conditions seemed to the authors to 
make the method complicated and inconvenient for 
their purpose. After some experimenting, a simpli- 
fied procedure was found which, though less accurate 


Fig. 10 — Influence of de- 

gassing and gassing on 

shrinkage detects. Shrinkage 

die test. Metal from casting 
(Fig. 8B). 
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in principle, works satisfactorily, requiring neither 
adjustable gas mixtures nor a hood. 

In this method13 a stream of pure hydrogen from 
a steel container is bubbled at a controlled rate 
through the melt from a diffuser of simple design, 
which is arranged near the bottom of the pot. From 
the surface of the gas bubbles hydrogen is constantly 
absorbed into the melt. The top of the melt is open 
to air and, apart from the bubbles emerging from 
the melt, dissolved hydrogen is constantly lost through 
the surface of the melt. 

Under these conditions there will be established a 
stationary hydrogen content in the melt which is 
controlled by the competition of hydrogen gain from 
the gas bubbled through the melt and hydrogen loss 
to air through the top surface. When the two rates 
are equal the hydrogen content of the melt remains 
static. This stationary condition can be upset by al- 
tering the rate of bubbling. 

If the rate of bubbling is increased, a larger bubble 
surface will be exposed to the melt at any time, 
which will increase the rate of hydrogen gain through 
absorption. This will result in a rise in the hydrogen 
content in the melt, which will go on until the 
effects of increased bubble surface is compensated by 
two other effects arising from 1) the increased hydro- 
gen concentration difference between liquid metal 
and air at the top of the melt, and 2) the reduction 
of the hydrogen concentration difference at the bub- 
ble surface. The first effect increases the rate of hy- 
drogen losses to air; the second one decreases the 
rate of hydrogen gain at the bubble surface. 

It follows that, provided other conditions are con- 
stant, there is a certain hydrogen content in the melt 
connected with every rate of hydrogen flow through 
the diffuser. 

The conditions which require to be kept constant 
in order to provide this positive control are: 1) top 
surface; 2) temperature) 3) condition of diffuser; 
4) agitation of the bath; 5) geometrical shape of 
bath. 

There is no difficulty in normal permanent mold 
practice in maintaining reasonable uniformity of 
temperature and surface condition of the bath. This 
is necessary for proper casting practice. The condition 
of the diffuser is essentially given by its design and, 
with a minimum of care, will remain unchanged. 
Agitation of the bath, which is necessary in order 
to ensure even spread of the hydrogen in the metal 
bath, is provided by the stirring effect of the hydrogen 
bubbles rising from the diffuser, and to a lesser ex- 
tent by the ladling of metal for casting. 

The geometrical shape of the bath is controlled 
by the shape of the pot and the amount of metal 
present in it. Generally the pot has a near cylindrical 
shape in the upper portion, which means that the 
area of the top surface of the metal bath does not 
change if the quantity of metal is changed within 
fairly wide limits. 

The height of the bath, however, has some in- 
fluence on the bubble area exposed, as it controls 
the time each bubble is in contact with the melt. 
In practical foundry work it is often possible and 
desirable to replenish the metal bath after only a 
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part of it is used, and under these conditions suffi- 
cient consistency of the gas content for practical pur- 
poses has been maintained. 

The apparatus needed consists of a normal steel 
container of compressed hydrogen fitted with reduc- 
ing valve, a simple gas-flow meter for flow rates up 
to 5 liters/min, flexible rubber or metal piping and 
a diffuser. The latter, Fig. 12, in the present work 
had the shape of a steel pipe %,-in. i.d., %4-in. o.d. 
bent into a ring with diameter about three-quarters 
of the inner diameter of the pot. Holes (%»-in.) 


Gas Content 
Rating 











° 40 80 120 
Time minutes 


Fig. 11 — Gas content of a 200-lb aluminum melt with various 
hydrogen bubbling rates. 
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DIFFUSER FOR HYDROCEN BUBBLINE. 





Fig. 12 — Diffuser for hydrogen bubbling. 
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Fig. 13 — Permanent mold casting used for demonstrating 
effect of gas control on shrinkage defects. 
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Figs. 14, 15, 16 — Castings from metal with 
different gas contents demonstrating influence 
of gas content on shrinkage defects. Inseis: 
solidification gas test ingots, sectioned. 


Fig. 14— Gas rating 2 


Fig. 15 — Gas rating 5 





Fig. 16— Gas rating 6 
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pointing upwards are spaced every 2-3 in. over the 
circumference of the ring. 

A wrapping of asbestos tape with alundum wash 
protects the steel against contact with the melt. After 
turning on the hydrogen flow the diffuser is lowered 
into the melt in a horizontal position and held in 
this position near the bottom of the crucible. Cylin- 
drical blocks of graphite of 4-in. diam. with hydrogen 
emerging from 14,-in. holes drilled radially have also 
been used successfully. More elaborate arrangements 
for better dispersal of the hydrogen stream like those 
recommended by Spire14 could be considered. 

The time required for reaching the stationary gas 
content for a given rate of bubbling was about 15 
min for the 200-lb pot in this work. 

As can be seen from Fig. 11, in the 200-lb pot 
melts used in this work bubbling rates of 2 liters/ 
min and over provided near saturation gas content. 
With a rate of | liter/min the gas content tends to 
stabilize at a rating of 6-7, which is just above the 
critical range in the shrinkage die test. 

The bubbling method was used to demonstrate 
the control of shrinkage defects in castings from a 
die which was known to be very sensitive to shrinkage 
effects. The die is shown in Fig. 14. The casting 
weighs about | Ib as cast. 

The metal again was LM.4. The same melt was 
successively gassed at various rates bteween zero and 
5 liters/min, and groups of 20 castings were pro- 
duced under stabilized temperature conditions. 

Figures 14-16 show details of castings made from 
metal with different gas contents demonstrating the 
typical shrinkage defects. The solidification gas test 
ingot (sectioned) and the gas content rating are also 
given. It can be seen that cracks and frosted surface 
are present with gas ratings of 2 and 4, while metal 
with gas ratings of 6 and higher produces sound 
castings. 

Figure 17 shows the percentage of castings with 
percentages of shrinkage rejects plotted over the bub- 
bling rate. In this experiment the bubbling rate was 
raised and lowered three times between zero and 5 
liters/min. From the points plotted, a zone—indicated 
in bold broken lines—can be determined which rep- 
resents the probability of shrinkage failure for dif- 
ferent gas contents of the metal. 

This experiment was repeated with two more 
batches of ingots of the same specification, one of 
which was considered ‘good’ by the foundry which 
used it, and the other was judged to be ‘bad’ accord- 
ing to its tendency to produce shrinkage defects. As 
Figs. 18 and 19 show, the relationship between bub- 
bling rates and percentage of shrinkage defects in 
both of these batches is practically identical.* This 
leads to the conclusion that by proper control of the 
gas content the difference in foundry behavior of 
these batches can be eliminated. 





*No explanation can be offered for one run with particularly 
low reject rate in the ‘bad’ material, Fig. 18, with a less 
conspicuously abnormal run in the ‘good’ batch, Fig. 19. These 
abnormal results do not, however, challenge the conclusion that 
with controlled gas content no difference can be found in the 
shrinkage phenomena of the two batches. 
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Fig. 17 — Reject ratio over gas content (bubbling rate) for 
LM.4 alloy. Normal batch. 
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Fig. 18 — Reject ratio over gas content (bubbling rate) for 
LM.4 alloy. “Bad” batch. 
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Fig. 19 — Reject ratio over gas content (bubbling rate) for 
LM.4 alloy. “Good” batch. 











Fig. 20 — Influence of gas on near eutectic alloy 
(BS1490 LM.2). Shrinkage die test. 


It still remains an open question whether the in- 
gots of the lot pronounced ‘bad’ are lower in gas 
content, or for some reason are less easily gassed 
than the ‘good’ lot. So far there are no indications 
of differences of this kind from investigation of a 
number of cases. 

The convenience of the control of the gas content 
by the bubbling method led to its application in a 
permanent mold foundry where castings of the type 
that cannot be perfectly fed are frequently produced. 
The advantages expected from the controlled gas 
content are not only the elimination of rejects due 
to insufficient gas content. Obviously, it is undesira- 
ble to use metal with a gas content higher than just 
sufficient to avoid shrinkage defects because gas por- 
osity would become unnecessarily severe if the gas 
content should be increased beyond that limit. 

In the castings of LM.4 alloy gassed correctly to 
eliminate surface shrinkage, no porosity could be ob- 
served by inspection with the naked eye. The close 
and continuous control by the bubbling method will 
therefore contribute to improving the general quality 
of castings. 

In practice it will generally be possible to omit the 
determination of the actual gas content. The pro- 
cedure would be rather to find the lowest bubbling 
rate which permits production with a reasonable min- 
imum of rejects through shrinkage defects. 


Eutectic and Near Eutectic Alloy Type 


The preponderant influence of the gas content on 
the shrinkage defects seems to be typical for alloys 
with long freezing range. In alloys having near eutectic 
silicon content it has not been found possible to 
eliminate surface shrinkage by gassing to any large 
degree. 

Figure 20 illustrates the effect of gas content on 
the shrinkage of an alloy to British Standard 1490 
LM.2 (which corresponds roughly to A.S.T.M. B85- 
50T S12B, but with higher limits for copper and 
zinc). It can be seen that the depth of shrinkage 
cavity is scarcely less with the degassed casting than 
with the casting made from gassed metal. However, 
a difference in the appearance of the shrinkage cav- 
ity has been observed. 

In the degassed castings the surface of the shrinkage 
depressions is bright and shows roundish facets of 
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crystal formed early during cooling, with deep cavi- 
ties between them caused by drainage of the remain- 
ing liquid. In the gassed casting the surface of the 
shrinkage depression has the frosted appearance of a 
hypo-eutectic alloy. 


In near eutectic alloys, significant influence of 
minor alloy constituents of shrinkage behavior has 
been observed by the authors in contrast to the con- 
spicuous absence of such effects in long-freezing-range 
alloys. 


Conclusions 


1) The shrinkage die test has been found to repro- 
duce closely the shrinkage defects found in prac- 
tical foundry work. f 


2) The controlling effect of gas content on shrinkage 
behavior of an aluminum alloy with moderately 
long freezing range has been demonstrated both 
in the shrinkage test and in a production die. 


3) The differences in foundry properties observed 
in the foundry between various batches of LM.4 
alloy have been shown to disappear if the gas 
content of the metal is controlled. 

4) A convenient method of controlling the gas con- 
tent of liquid metal in the foundry at a desired 
level is recommended. 

5) Gassing is not capable of effectively controlling 
shrinkage in permanent mold castings made from 
alloys with short freezing range. 
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CARBON REFRACTORIES 


By 


Gordon B. Tatum* 


ABSTRACT 
A variety of carbon shapes are used for refractory 
lining in the foundry. For lining cupolas certain com- 
binations of materials have been found most satis- 
factory for particular cupola designs and operating 
conditions. Construction and maintenance features are 
also discussed. 


Description 


Carbon refractories consist of the element carbon 
rather than compounds and mixtures and are infu- 
sible. Carbon is a non-metallic element that exists in 
many forms. It occurs in nature as the diamond, an- 
thracite coal, bituminous coal, natural graphite, and 
as a constituent of all organic compounds. As an in- 
dustrial by-product it is produced in the form of 
petroleum coke, coal tar pitch, and foundry coke. It 
is also processed in such forms as lampblack, gas-black 
carbon, and charcoal. 

Natural graphite and manufactured graphite are 
forms of carbon, but their properties are dissimilar 
and they should not be confused. Natural graphite is 
found and mined in many parts of the world. Manu- 
factured or artificial graphite is obtained by the 
graphitization of molded and preformed carbon 
shapes under controlled conditions in the electric fur- 
nace. Electric furnace electrodes, large graphite struc- 
ture members, rods, and pipes are produced by this 
process to controlled physical standards. 

The different forms of carbon may vary widely in 
appearance and character. The gem diamond is ex- 
tremely hard, white, and transparent. Graphite is 
soft, black and opaque. In the form of coal and coke 
carbon is a fuel. In other forms, when exposed to 
proper atmospheres, it serves as an excellent refractory. 


Manufacture 


Manufactured carbon shapes fall into broad classi- 
fications—Carbon and Graphite. 

The principal raw materials used in the manufac- 
ture of carbon and graphite refractory shapes are: 
High grade anthracite, petroleum coke, and coal tar 
pitch. The various shapes are formed by extrusion 
through dies or molded under pressure. After this 
process they are baked in specially designed kilns. The 
carbon shapes are ready for use after this baking 
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treatment. However, the graphite shapes require 
further prolonged heating at elevated temperatures 
in a graphitizing furnace. 

Approximately two months are required for the 
manufacture of carbon, and three months for graphite. 
The former is essentially amorphous and the latter 
crystalline in structure, as determined by x-ray defrac- 
tion patterns. Considered as a refractory material, the 
graphite form is not widely used because it is less 
resistant to abrasion than the amorphous carbon form. 

Graphite is used for refractory applications where 
the highet conductivity of graphite as compared to 
carbon is desirable. Artificial or electric furnace 
graphite products have a thermal conductivity of 
approximately nine to one as compared to carbon. 
Graphite refractories are also used for some applica- 
tions where a smooth finished graphitic surface is the 
prime consideration. 

In the discussion to follow, by the term refractory 
carbon or carbon the amorphous form of carbon will 
be understood unless graphite is designated. 


Availability 


Carbon refractories are available in the form of 
standard brick shapes (Table 1), ramming pastes, and 
carbonaceous cements. Fabricated furnace liner sec- 
tions and other machined blocks are made from stand- 
ard furnace liner stock. This is available in various 
sizes up to 30 in. x 24 in. x 108 in. long. 


Properties 
Carbon is possessed of a number of unusual and 


highly desirable physical characteristics which explain 
its usefulness as a refractory material (Table 2). 


1. Chemically neutral and resistant to both acids 


and bases. 

2. Low co-efficient of thermal expansion and con- 
traction. 

3. High mechanical strength at elevated tempera- 
tures. 


4. High resistance to thermal] shock and spalling. 
5. Volume stability under load. 


Uses 
Carbon refractories have long been used by the 
metallurgical industries. Large tonnages are employed 





TABLE 1A — Brick SPECIFICATIONS — DIMENSIONS IN INCHES 

















Approx. 
Pieces Pieces Weigh: 
Catalog Style of per per Ibs. pe: 
No. Brick Length Width Thickness Pallet Carton 100 Brick 
2C 1 Straight 9 4%, 2% 380 20 560 
2C 3 Split 9 4, le 1232 48 235 
2C 5 Soap 9 24% Wg 920 46 260 
2C 7 No. 1 Arch 9 414 214-24% 400 20 530 
2C 8 No. 2 Arch 9 4 2-13, 440 24 500 
2c 9 No. 3 Arch 9 414 2144-1 540 28 405 
2C 10 No. 1 Key 9 414-4 24% 528 20 550 
2C 11 No. 2 Key 9 414-3 2% 576 20 520 
2C 12 No. 3 Key 9 414-3 2 624 20 490 
2C 14 No. 1 Wedge 9 414 214-1% 352 20 495 
2C 15 No. 2 Wedge 9 44 24-114 480 24 455 
TasBLe 1B — Brick SPECIFICATIONS — There are four general types of carbon well-zone- 
STANDARD TOLERANCES lining constructions. Each is adapted to specific struc- 
4/4 x 2, Cross 6 x 3 Cross tural and operating conditions. 
Section Series Section Series 
Cupola Well-Zone Linin 
ms zie iy pola one Linings 
Width + Vg” + 1” General types: 
Thickness + Ye" x ne Type 1 a—Working lining consisting of large 
Deviation from plane Ye” Max. Ye" ax. carbon fabricated blocks. 
Out of square — sides 4g” Max. 4g” Max. cs ~ 
Out of square — ends 4g” Max. 14g” Max. b—Back-up lining consisting of standard 





by the aluminum industry for lining aluminum cells 
or pots. The steel industry uses it for blast furnace 
linings and ferroallcy furnace linings. 

In the foundry, carbon refractories have for many 
years been used as a wash for molds, troughs, ladles, 
spouts, liners, etc. More recently, carbon blocks, brick, 
rods, and paste have come into use for cupola linings, 
breast blocks, slag dams, chills, and cores. Graphite 
injection tubes are used for the addition of carbon, 
desulphurizing agents, and up-grading material into 
molten metal. 


Cupola Refractories 
Carbon was first used as a cupola lining because 


of its resistance to highly corrosive slags. It is un- ° 


attacked by either acid or basic slags. This flexibility 
is frequently advantageous. In addition, its low co- 
efficient of thermal expansion and contraction, and its 
resistance to spalling when subjected to severe thermal 
shock, have been recognized as added advantages. 
Carbon linings have been applied chiefly in the well 
zone, breast, and front slagging trough. 


TABLE 2 — TypicAL PHYSICAL PROPERTIES OF 
AMORPHOUS CARBON SHAPES 








Form of Product Carbon Shapes 
Apparent Density 1.50 
Porosity, % 23 
Strength psi 

Tensile 600 

Compression 4500 

Flexural 1250 
Elastic Modulus 

X106, psi 1.25 
Thermal Conductivity 

Btu /sq. ft./sec./F 6 
Mean Coefficient of 

Thermal Expansion 

%-212 FX 107/F 13 

Volume Shrinkage None 








brick shapes, etc. 

Type 2 a—Working lining consisting of large 
carbon fabricated blocks against the 
shell. No back-up lining. 

Type 3 a—Working lining consisting of standard 
carbon brick shapes. 

b—Back-up lining consisting of standard 
brick shapes. 

Type 4 a—Working lining consisting of carbon 
paste rammed onto back-up lining of 
cupola blocks or bricks. 


Well-Zone Linings — Selection of Shapes 


Carbon bricks or carbon blocks are used to form 
the working lining of the well zone, and carbon 
bricks are used to form the back-up lining. When the 
lining is 9 in. thick or over, carbon block is used. 
When thicknesses under 9 in. carbon brick is indi- 
cated. In either case they are laid up with carbona- 
ceous cements and carbon ramming paste is used, as 
required, to maintain the original dimensions of the 
working lining. 

Large block construction (Fig. 1) has the advan- 
tage of fewer joints as compared to brick construction. 
Records of long life and low refractory cost per ton 
have been achieved with this type construction. These 
block linings are designed to have the minimum num- 
ber of blocks per lining, consistent with the economi- 
cal use of the base stock and local facilities for han- 
dling. Blocks weighing up to 1500 Ibs have been fabri- 
cated. The weight per block is set for 100 Ibs or less 
when hoists or lifts are not available. 

Carbon well-zone linings are also constructed by 
ramming carbon paste onto a back-up lining of blocks 
or bricks. The carbon paste forms the original work- 
ing base. These linings have been satisfactory and 
highly resistant to corrosive slags. The most common 
form of well-zone construction employs either carbon 
brick or carbon block for the original working lining 
with the carbon paste used to maintain the lining 
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as needed. This is done to employ the maximum 
amount possible of high density material in the orig- 
inal lining. 

Design and Construction — Cupola Well-Zone Lining 

Figure 2 illustrates a lining similar to Fig. 1 after 
it has been installed. The lining consists of large car- 
bon blocks laid up inside a back-up lining of carbon 
bricks. The carbon lining is laid on a course of 
ceramic brick 2 to 3 in. thick. The ceramic brick in- 
sulates the carbon from the mandrel plate. The space 
between the top of the carbon blocks and the bottom 
of the shell is rammed with carbon paste to provide 
a positive closure against air leakage at this joint. The 
back-up lining provides protection in the event of 
joint failure. 

The outside diameter of the carbon block working 
lining is machined to a radius, as shown in Fig. 1 and 
2. It should be laid up so that a minimum thickness 
joint exists between the back-up lining and the out- 
side diameter of the block lining. A center sweep will 
prove useful in laying up the back-up lining to a true 
circle, 

The aligning of the radial block joints will be 
simplified by the use of this device. If in this process 
it becomes necessary to grind some of the carbon 
brick to hold a true circle, then grinding wheels are 
more effective than saws for use on carbon brick. 

Both the carbon block and brick should be laid up 
with carbon cement. Afterwards the inside face of the 
working lining should be wash coated with a thin 
layer of ceramic refractory for temporary protection 
during the burning-in period, and before metal and 
slag have collected in the well zone. 

Figure 3 illustrates a carbon well-zone lining having 
either a carbon or a ceramic refractory back-up lining. 
If the shell is not externally cooled with water over 
the well-zone area, the back-up lining should be of 
ceramic brick for purposes of insulation. This is be- 
cause the co-efficient of thermal conductivity of car- 
bon is higher than most other refractories. 

In Fig. 3 the tuyeres are not water cooled, and a 
course of ceramic brick is laid on top of the carbon 
lining, so it will be above the slag line. This will 
protect the top of the carbon lining in the event the 
tuyeres are burned back during the heat. If the tu- 
yeres are normally intact at the end of each heat, then 
this intermediate lining is unnecessary, and that space 
may be rammed with carbon paste, as in Fig. 2. 


Tuyeres 


Carbon construction may be adapted for use with 
either round water-cooled tuyeres or conventional 
box tuyeres. However, all records indicate that longer 
life is experienced when the carbon lining is used in 
conjunction with water-cooled projecting tuyeres. This 
is because by their use the air blast is maintained at 
a uniform distance away from the immediate vicinity 
of the lining. 

Water-cooled Shell 

Exterior spray cooling of the shell over the well 

zone is in effect in most installations of carbon well- 


zone linings. This has a favorable effect upon the 
life potential of the lining. 












Fig. 1 — Carbon Block Well Lining. 
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Fig. 2— Carbon Well Lining—Water Cooled Well and 
Tuyeres. 
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Fig. 3 — Cupola—Rectangular Tuyeres. 





Fig. 4— Water Cooled Tuyere—Carbon Block Ready to Ram. 
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Fig. 5 — Breast Block—Slotted for Renewable Tap Hole. 
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When water cooling is not practical, the carbon 
working lining may be used with a back-up lining of 
other refractories for insulating purposes. 


Key Blocks 

The key block is usually designed to be opposite 
the breast block. In the case of a lining for projecting 
well zones, the key block has straight rather than 
radial sides.This is because it must enter the lining 
on a horizontal plane. Whether its sides have radial 
cuts or square cuts, the last block to be installed us- 
ually requires trimming to proper thickness, as joints 
of minimum thickness are recommended. It should 
be noted, in this respect, that the design of the lining 
could allow for final closure by means of ramming 
and otherwise filling a vertical joint. This is not rec- 
ommended, and the minimum joint approach is used. 


Construction Features 

Cupolas of small capacity, as used in laboratories 
and for specialized low production service, should 
have a lining of high insulating value material laid 
between the shell and the carbon lining. This will 
prevent chilling of smal] quantities of iron when in 
contact with carbon having a relatively high thermal 
conductivity. Figure 4 illustrates the well-zone blocks 
in a cupola after being in service for 55 days at 24 hr 
per day continuous tapping. 

In this particular construction it is of interest to 
note that the large wall blocks are laid directly against 
the shell. No back-up lining is used. The greater than 
average thickness of the lining is, in this case, the 
better assurance against penetration through the 
joints. Also, the shell used was such that they were 
able to make good contact with the back contour of 
the blocks. 

In this particular construction the shell is straight 
and does not have a projecting well zone. The melting 
zone is lined. The exterior of the shell is cooled by 
water sprays in both the melting zone and the well 
zone. The space between the two linings is shown 
ready for lining with carbon paste, the carbon spacing 
blocks are shown in place. 

If the upper lining were not present and the melt- 
ing zone were operated bare, the carbon paste would 
be tapered back from the front edge of the top of the 
carbon wall block to a point on the shell at about the 
top of the tuyeres. 

When ramming carbon paste around the tuyeres, 
pre-baked carbon shapes may be used to fill some of 
the area. This will cut down on the volume to be 
rammed. Carbon brick are useful for this purpose. 


Tap Hole and Breast Blocks 

The necessity for reliable tap-hole and breast con- 
struction has resulted in the use of carbon where 
maintenance has been a problem. They were first 
used to withstand the action of basic slags in cupolas 
equipped with front slagging spouts and on long 
operating cycles. 

From this use several types of carbon-breast con- 
struction have evolved. Each has some point of excel- 
lence, causing it to be preferred for particular operat- 
ing conditions. 
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The breast block illustrated in Fig. 5 is similar 
to the one shown in Fig. | and 2. It forms an in- 
tegral part of the block lining, and it is assembled 
directly against the shell. A brick back-up lining is 
dispensed with in the case of this block, whereas a 
back-up lining is used between the shell and the re- 
maining carbon blocks. 


A rectangular section of this block projects into 
the front slagging trough. This eliminates a joint at 
the point where the trough connects to the shell. The 
size of the projecting section is determined by the 
trough dimensions and the size of the breast hole in 
the shell. The height and width being |4-in. per side 
less than the rectangular opening in the shell. The 
lengthwise projection into the trough being nom- 
inally 6 in., if the taper of the trough allows. 

The slot is made oversize to accommodate replace- 
able tap-hole construction. The tap hole is renewable, 
so the block itself lasts from six months to a year and 
one-half, and possibly longer. 

The replaceable tap-hole construction consists of 
formed inserts furnished by suppliers in carbon or 
other refractory materials. The usual construction has 
carbon at the top of the tap hole, and basic or acid 
refractories on the bottom in contact with the iron. 


An alternate method of replacing the tap hole is to 
ram carbon paste around a steel pipe or form. 

In either case, it should be noted that the perma- 
nent block can be repaired with carbon paste. This 
will maintain the rectangular slot to its original form 
in the event wear extends beyond the insert material 
into the base block itself. 

This particular type of construction has proved sat- 
isfactory in a number of installations. It has the de- 
cided advantage of eliminating all joints in the breast 
opening, with the exception of the joint between the 
insert and block. 

Figure 6 illustrates the use of a large carbon block 
to withstand slag attack at the top of the tap hole. 
In this type of built-up construction the breast open- 
ing may be closed with blocks, brick, or ramming 
material. It is usually closed with a combination of all 
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Fig. 8 — Front Slagging Spout. 
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Fig. 6 — Breast Construction. 
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Fig. 7 — Breast Construction. 
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Fig. 9 — Heating Box. 


three. In the illustration, brick forming the sides of 
the tap hole are carbon, and the bottom of the tap 
hole a. basic rammed material. The breast block in 
Fig. 7 is grooved. This groove may be oversize to ac- 
commodate replaceable tap-hole inserts depending 
upon allowable space. If a smaller block is used, the 
groove may be to the exact dimensions of the tap hole. 

In addition to the three constructions illustrated, 
satisfactory service has been obtained from completely 
rammed breasts. The tap hole is formed by a steel 
pipe which is left in place. 

When a complete carbon-block lining is to be in- 
stalled, the construction shown in Fig. 5 is recom- 
mended. The other types of construction shown in 
Fig. 6 and 7 lend themselves readily to all other types 
of well lining construction. 


Front Slagging Trough 

Figure 8 illustrates the carbon lined front slagging 
trough. The carbon lining is carried up to and in- 
cludes the slag dam and the slag spout itself. The 
carbon lining is not normally extended past the slag 
dam. Carbon paste rammed around forms, carbon 
bricks, and carbon blocks are used in front slag trough 
lining. It has been found that carbon is highly re- 
sistant to the attack of slag, either acid or basic. Cu- 
polas operating on extended production heats give 


Fig. 10 — Slag Dam. 


uninterrupted service with the use of carbon at this 
point. 

The most economical form of carbon for use in 
forming front slagging troughs is carbon paste rammed 
around a wooden form. This procedure has been 
fully described, and. will not be repeated here. It 
should be mentioned that the carbon paste used for 
this purpose is supplied in 100 lb bags, and must be 
heated to a temperature of approximately 200 F. At 
this point it becomes plastic and readily rammable. 

After ramming it hardens, and when the form is 
removed, it should be supported in place and baked 
to a temperature of 1100 F, approximately. At this 
temperature it takes a final hardening set. 

Figure 9 illustrates a box and heating coil suitable 
for warming the paste for ramming purposes. Next to 
the trough shell, a course of ceramic refractory brick 
is laid for insulating purposes. The carbon paste may 
be rammed directly onto this. If space allows, an in- 
tervening course of carbon brick will afford extra pro- 
tection against slag attack. If steam is not available, 
the paste is readily heated in a core oven. 

The sides of the front slagging trough may be con- 
structed of carbon brick or block, if preferred. The 
choice between the baked forms and the rammable 
carbon paste for lining of the front slagging trough 
is largely a matter of individual preference. Either ma- 
terial is completely resistant to slag attack. 


Slag Dam 


Figure 10 illustrates a carbon slag dam consisting 
of a carbon plate. These may be secured in any size, 
and are equally effective in the presence of slag. 


Cupola Linings — Maintenance 


When the bottom doors are dropped, the incades- 
cent carbon lining is exposed to oxidizing conditions 
to a greater extent than when the cupola is in opera- 
tion. However, it should not be assumed that rapid 
combustion occurs. Most operators make no effort to 
quench or wet down the carbon paste beyond the cool- 
ing effect that occurs when the exterior of the cupola 
shell is water cooled, and cooling by conduction takes 
place. Sufficient data are not available to evaluate the 
effect of quenching versus not quenching. However, 








Fig. 11 — Cooling Device. 
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it would seem desirable to quench the lining immedi- 
ately after the drop, if this could be done convenient- 
ly. The apparatus shown in Fig. 11 is used for this 
purpose and consists of a Grinnell sprinkler head po- 
sitioned to project the water sideways and not up- 
ward, The positioning ring on the end of the pipe 
holds the nozzle in an upright position. The length of 
the pipe allows the operator to stand at a safe distance 
from the drop. 

The use of cooling after the drop is recommended if 
operating conditions allow. However, their use has 
not been evaluated in terms of dollars and cents; 
theoretically they will cut costs. 


Lining Repair 

Carbon paste is used to repair the carbon-block or 
brick lining after it has worn sufficiently to require 
patching. The surface to be patched should be cleaned 
free of slag, and primed with a light coating of water- 
free tar before applying the paste. 

After the paste has been rammed into position, the 
heat of the coke bed will suffice to set and harden the 
paste. When using paste for repair purposes, it should 
be hot enough to be easily rammable. If it hardens 
and is difficult to ram, it may be returned for further 
heating. Alternate heating and cooling cycles do not 
harm or affect plasticity of the paste unless carried on 
over an extensive period of time. 


Graphite Injection Tubes 


There has been increasing use of graphite tubes for 
the injection of desulphurizing agents, graphite pow- 
ders, and up-grading materials, in which the materials 
are injected into molten iron by means of gas pres- 
sure. The selection of the optimum size and type of 
tube for this service has been the subject of a testing 
program carried on by the equipment manufacturers, 
interested foundries, and graphite tube manufactur- 
ers. On the standard 14-in. inside diameter tube, tests 
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Fig. 12 — Injection Tube. 


now indicate that 34-in. inside diameter, and per- 
haps as much as |-in. inside diameter, may be prefer- 
able in some cases. 

The enlargement of the outside diameter of the tube 
for the purpose of longer life has not been achieved 
without some problems. These problems being con- 
nected with the high temperature of the metal and 
the chilling effect of the entering gas. At the present 
time it may be stated that larger diameter tubes will 
be available. These may be joined by threaded nip- 
ples, similar to those used in joining graphite elec- 
trodes, if it is found desirable to continuously connect 
the injection tubes, or for the purpose of utilizing 
100 per cent of the pipe length. Figure 12 illustrates 
a typical installation in which calcium carbide and 
graphite powder are being injected into cast iron for 
desulphurization and raising the carbon content. 





RIGGING DESIGN OF A TYPICAL HIGH STRENGTH, HIGH 
DUCTILITY ALUMINUM CASTING 


By 


Merton C. Flemings,* Patrick J. Norton,** and Howard F. Taylor*** 


Introduction 

By resorting to the extensive use of chills in the 
sand casting of a 22 pound high quality aluminum 
strategic aircraft casting, remarkable improvements 
in physical properties were obtained. Compared with 
minimum specifications, castings made with this 
technique in alloy 195 showed an improvement of 
95 per cent in ultimate tensile strength, 42 per cent 
in yield strength, and 1300 per cent in elongation. 
Similar marked improvements were exhibited by al- 
loy 356. 

The demand for high strength, high ductility alu- 
minum alloy castings for critical applications is in- 
creasing rapidly. Designers in aircraft and other fields 
are finding service requirements of modern equip- 
ment requires the utmost properties attainable in 
castings. Non-ferrous foundrymen are meeting these 
needs by closer control of all foundry variables in 
casting production, and by the expanding use of per- 
manent and semi-permanent molding methods. 

Use of permanent molded aluminum castings has 
come into favor for parts used in critical applications 
because a well designed permanent mold generally 
produces a casting with higher mechanical proper- 
ties than would be obtained from a comparable sand 
casting.' The chill effect obtained from the perma- 
nent mold results in inherently stronger, more ductile 
metal. Permanent mold castings is not economical for 
short run castings, however, and often is not a feasible 
method for production of large or intricate castings. 

The sand casting method has inherent production 
advantages. The objective of the present work is to 
produce a commercial casting, in a sand mold, with 
mechanical properties comparable to those generally 
associated with permanent molding. 


Chills in Sand Mold 


The work described here is based on a previous 
laboratory study? of the effect of chills on the me- 
chanical properties of simple test plate castings. In 
that study, careful control of all foundry variables 
(including gas content, chemistry, gating, and heat 
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treatment) was maintained. Chills were placed on 
plate sections of various thicknesses (at the end of the 
plate opposite the riser). The effect of the chills 
on the mechanical properties of the plates was de- 
termined. 

The chills exerted as markedly beneficial effect on 
the mechanical properties of the plates at distances 
well removed from the chill face; for instance, in a 
one inch thick plate of 195 alloy, the ultimate ten- 
sile strength as much as six inches away from the 
chill was 90 per cent higher than present design 
minimums. 

By careful control of foundry variables and proper 
placement of chills, it was concluded possible to pro- 
duce commercial castings with tensile properties up 
to 100 per cent above present design minimums; and 
with elongations several times greater than present 
design minimums. 

The present study deals with the translation of the 
above laboratory results to the production of a fairly 
large, high quality casting for strategic aircraft use. 
The casting (one of many of various sizes and shapes 
made to date) was produced with the same foundry 
controls used in the laboratory study of the test 
plate castings. In addition, chills were located on the 
casting on the basis of design data presented in the 
previous paper; that is, chills were located at various 
positions on the production casting in a manne! 
that was expected to raise appreciably the mechani- 
cal properties of all portions of the casting. 


Procedure 

The housing casting shown in Fig. 5 and 6 was 
chosen for the present rigging study because of its 
size, reasonable complexity, and variation in section 
size. The overall dimensions of the casting are ap- 
proximately 1414 x 15 x 9 in. deep. The wall thick- 
ness of the casting varies from *¢-in. to 1-%-in. Net 
weight is 22 pounds. 

Test castings were heavily chilled according to 
principles previously described.? Essentially, this in- 
volved spacing chills and risers over the entire cast- 
ing surface so mechanical properties of all portions 
of the casting would be raised appreciably above the 
level normally obtained in sand castings. 





M. C. Fremines, P. J. Norton, H. F. TAytor 


Most of the wall sections of the casting were 3¢-in. 
thick and this was the area requiring the most ex- 
tensive chilling and risering. Previous work had in- 
dicated that chilling a %-in. plate section at its ex- 
tremity would markedly improve the properties along 
the plate at some distance from the chill. In 356 
alloy, for example, mechanical properties of approx- 
imately 43,000 psi ultimate tensile strength, 34,000 
psi yield strength, and 7 per cent elongation were 
obtained at a distance one inch away from the chill. 
At a distance of two inches away the properties 
were 42,000-33,800-5.* 

In the rigging of the present casting it was con- 
sidered impractical to attempt to attain the higher 
level of properties stated above. This would have 
involved chilling the casting so no portion of the 
3¢-in. section was greater than one inch from a chill. 
Chilling the casting so no portion of the %¢-in. sec- 
tion was more than 2-in. from a chill was considered 
feasible. The casting was rigged in an attempt to 
attain minimum mechanical properties (in 356 al- 
loy) of 42,000-33,800-5. Additional data obtained for 
195 alloy indicated that with such a rigging (and 
the heat treatment used) the casting poured of 195 
alloy should possess minimum properties of about 
47,00-27,000-12.2 


Riser Influence 


In order that no portion of the %¢-in. section of 
the casting would be greater than two inches from a 
chill, the rigging procedure shown in Fig. 1, 2, and 3 
was adopted. Bar or “rib” chills were spaced around 


the periphery of the casting. The distances between 
the chill edges were nearly constant at four inches. 
(Slight variations in this distance were present due 
to casting curvature in the vertical plane.) A riser 
was placed halfway between each chill. The riser 
was connected to the casting by a l4-in. wide riser 
pad running the entire vertical height of the casting. 
Spacing from the chill edge to the center of a riser 
pad was then very nearly 2-in. for the entire %¢-in. 
section. 

Chilling and risering practice used on the heavier 
sections conformed to the same principle as described 
for the 3¢-in. section. The two areas around the 
cored holes (Fig. 5) were chilled with internal dough- 
nut shaped chills, directional solidification being pro- 
moted radially towards the risers. 

The small boss in the location of test bar No. | 
(Fig. 5) was heavily chilled to enable it to freeze 
more rapidly than the surrounding %-in. section. 
The heavy section boss in the area of test bars 10 
and 11 (Fig. 6) was chilled with a doughnut shaped 
chill on the exterior of the casting near the periphery 
of the boss; directional solidification was promoted 
towards a riser at the center of the boss. 


Mold Preparation 
A total of 16 chills was used in the mold; the 
total chill weight was 1814-lb—nearly equal to the 
weight of the finished casting. Before molding, the 


*A shortened nomenclature is used in the remainder of the 
paper; i.e. 42,000-33,800-5 means 42,000 psi ultimate tensile 
strength, 33,800 psi yield strength, and 5 per cent elongation. 


TABLE 1 — CHEMICAL ANALYSES OF EXPERIMENTAL 
HEATs 





Heat Casting Chemical Analyses (%) 





Si Mg Cu Ti Fe Mn Zn 
195 alloy chilled casting 0.15 0.01 4.42 0.15 0.08 0.01 0.03 
195 alloy unchilled casting 0.10 0.005 4.55 0.10 0.10 0.01 0.03 
356 alloy chilled casting 69 0.33 0.03 0.15 0.18 0.01 0.03 
356 alloy unchilled casting 7.38 0.20 0.01 0.11 0.20 0.01 0.03 





Fig. 1 — Mold for high strength, high ductility, housing cast- 
ing. (White mold inserts and chills) 


Fig. 2 — Mold for high strength, high ductility, housing cast- 
ing with core in place. 





Fig. 3 — High strength housing casting after shakeout. 


TABLE 2— SUMMARY OF FouNpry DaTA FoR HIGH 
STRENGTH -HousING CASTINGS 





Alloy:* 195 (H.P.) Heat a: 356 (H.P.), Heat c 

Sand: #140 AFS washed and dried silica sand, 6% 
southern bentonite, 14% cereal, 44% wood 
flour, 3—4% water. 
No.: 9 
Dia.: 4 on thin sides 214 in., 5 on heavy ends 
3 in. 
Height: 12 in. 

Chills: No.: 16 (8 in cope, 8 in drag) 
Total Wt.: 1814 Ib. 

Pouring time: 20 sec. 

Pouring temp.:* 1300F, Ht. a; 1250F, Ht. c. 

Type of screens: 14g in. holes, 50% perforation 

Sprue dimensions: 174 x 14g in. at base, area 1.29 sq in. 

Runner (in drag): 214 x 1% in. to first gate, 244 x % in. to 
second 

Gate: No.: 4 (2 each side) 
Dimensions: 214 x 5% in. (corrected for screen) 

Gating ratio: 1:4:4 

Degas: Dry nitrogen, 15 min. 

Gross wt.: 85 Ib. 

Net wt.: 22 Ib. 

Yield: 26%, 

* Nore: One casting was poured of 195 alloy and one of 356 

alloy. The above foundry data was the same for both 
castings, except for alloy and pouring temperature. 
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chills were coated with silica-bentonite wash and 
dried thoroughly. Molds were made of green sand 
using No. 140 washed and dried silica sand. A gatinz 
ratio of 1:4:4 was used, with screens incorporated 
in the runner to reduce dross entrapment. 

To insure a sound casting, overly large risers were 
used, and a resulting low yield (26 per cent) was 
obtained. This yield, however, could be raised in 
subsequent castings, on the basis of the results from 
these preliminary tests. Table 2 lists a more complete 
summary of foundry data relating to the two high 
strength, high ductility castings. 

For comparison purposes, the housing casting was 
also made using more normal foundry rigging. One 
casting was made of 356 alloy and one of 195 alloy 
with no chills incorporated in the mold, but using 
metal of the same good quality used for the chilled 
castings. Fig. 4 is a photograph of this rigging as 
used for both alloys. Six risers were employed, each 
3-in. in diameter. Yield was 28 per cent. The same 
gating system was used on these castings as on the 
chilled castings. 


Melting 


Four housings were poured, two in 195 alloy, and 
two in 356 alloy. Melting stock was high purity vir- 
gin materials. Final chemical analyses of the four 
castings are listed in Table 1. 

In the melting practice of both alloys, the high 
purity aluminum pigs were charged first. Non-vola- 
tile alloying elements (all elements except magne- 
sium) were added shortly after melting began. The 
magnesium was added to the 356 alloy melt just 
before degassing. Degassing was accomplished with 
a special grade of dry nitrogen (dew point—73 F). 
The nitrogen was bubbled through the melt for 15 
min at 1200-1300 F. Gas content was checked with 
a reduced pressure tester. The metal was held 5 
min before pouring to allow dross flotation. 


Cleaning and Heat Treatment 
Cleaning (a slightly greater problem with the 
heavily chilled casting than with the more normally 
rigged casting) was performed without difficulty 
using standard equipment:—a band saw, belt sander, 
and rotary hand sander. A final sand blast was given 
the casting before the photographs of Fig. 5 and 6 


were taken. 


Tasie 3— Type ANp Location or Test Bars in Housine Castincs (REFER Fic. 5, 6) 
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Heat treatment was done in a small connection 
type furnace. Both the 195 and 356 alloy castings 
were given a modified T6 treatment (for high yield 
strength). Alloy 195 was solution heated at 
960 F for 16 hr, water quenched, held at room tem- 
perature for a minimum of 24 hr, and aged at 310 F 
for 15 hr. The heat treatment of alloy 356 differed 
only in that 1000 F was used for the solution treat- 
ment and aging required only 12 hr. 








Physical and Mechanical Testing 

Each of the housing castings was x-rayed 100 per 
cent. All castings, including the unchilled casting, 
were found to be free of shrinkage in the test bar 
areas. One small shrink area was noticed in the 
chilled castings, indicating the need of a minor rig- 
ging change at this location. Otherwise, all castings 
were entirely free of visible x-ray shrinkage porosity. 

After heat treatment, the test bar coupons sketched 
in Fig. 5 and 6 were cut from the casting and ma- 
chined into tensile specimens. ‘Table 3 lists (for each 
specimen number) the size bar machined, the section 
thickness from which the test bar was taken, and the 
location of the bar with respect to chills and risers. 
The test bar locations were chosen as being repre- 
sentative of the casting as a whole, most other possi- 
ble locations being similarly risered and chilled. 













Properties Obtained 


Mechanical property data from the four castings 
tested are listed in Tables 4, 5, 6, and 7. Tables 
4 and 5 present the data for the chilled and un- 
chilled 195 alloy castings. They show that the chill- 
ing raised the average properties of the bars tested 
(in the 195 alloy castings) from 36,900-25,200-4.3 
to 46,900-28,400-10. More important, minimum ul- 
timate tensile strength was raised from 28,400 psi 
to 39,700 psi by chilling, and niminum elongation 
was raised from 1.0 per cent to 5.0 per cent. 

Overall increases in mechanical properties due to 
chilling were not, however, quite as high as might be 
expected from a close examination of the simple 
test plate data previously presented.? 

The mechanical property data for the chilled and 
unchilled 356 alloy housings, presented in Tables 6 
and 7, show that chilling raised the average proper- 
ties of the bars tested from 31,000-26,400-1.4 to 42,300- 
32,700-5.8. Minimum elongation was raised from 1.0 
to 2.0 per cent by chilling and minimum ultimate 
tensile strength was raised from 29,500 psi to 39,800 

















TABLE 4— MECHANICAL PROPERTIES OF HIGH STRENGTH, 
Hicu Ductizity, 195 Attoy Housinc (HEAT a) 



























Fig. 4— Housing casting rigged according to standard com- 
mercial practice. 


TABLE 5 — MECHANICAL PROPERTIES OF COMMERCIALLY 


Riccep 195 ALLtoy Housine (Heart b) 








U.TS. Yield St. Per cent El. 

Bar No. (psi) ‘psi) (for 2 in.) 
1 34,800 ” 5.0 
2 41,500 ° 4.0 
3 36,300 ° 1.0 
4 44,200 ° 6.0 
5 13,300 wf 4.0 
7 28,600 23,400 1.0 
8 28,400 24,400 1.0 
9 38,400 25,900 5.0 
10 37,400 22,400 7.5 
11 33,500 19,300 6.0 
12 33,500 28,500 3.5 
13 34,000 28,900 3.0 
14 46,000 28,800 9.0 
Average 36,900 25,200 4.3 


*Yield strength not obtained. 





TABLE 6— MECHANICAL PRopERTIES OF HIGH STRENGTH, 
Hicuw Ductiuity, 356 ALLtoy Housinc (HEarT c) 








U.TS Yield St. Per cent El. 

Bar No. (psi) (psi) (for 2 in.) 
l 43,800 31,500 8.0 
2 43,500 $2,300 7.0 
3 40,400 29,200 2.0 
i 42,500 32,650 4.5 
5 44,900 34,800 11.0 
6 43,600 32,000 8.0 
9 40,950 34,000 4.0 
10 42,400 32,600 5.0 
1] 39,800 $3,500 4.5 
12 43,000 33,400 7.0 
14 40,400 33,750 3.0 
Average 42,300 $2,700 5.8 





TABLE 7 — MECHANICAL PROPERTIES OF COMMERCIALLY 


Riccep 356 ALLoy Housine (Heat d) 










U.TS. Yield St. Per cent El. 

Bar No. (psi) (psi) (for 2 in.) 
! 49,000 32,300 11.0 
2 51,900 32,700 11.0 
3 41,500 25,200 6.0 
4 51,300 24,400 14.0 
5 49,900 31,500 9.5 
6 51,100 25,800 16.0 
7 42,700 29,500 6.0 
8 39,700 28,300 5.0 
9 39,800 24.000 7.5 
12 53,500 30,100 13.0 
13 45,500 29,000 9.0 
Average 46,900 28,400 10.0 





U.TS. Yield St. Per cent El. 
Bar No. (psi) (psi) (for 2 in.) 
I 29,900 25,600 ? oo 
2 $1,300 24,700 1.5 
3 29,500 28,600 1.0 
t 31,700 25,600 2.0 
6 32,700 26,900 1.5 
7 30,700 26,800 1.0 
8 30,100 26,800 1.0 
i] 32,700 27,000 1.5 
10 30,800 25,500 2.0 
Average 31,000 26,400 1.4 




















psi. For the most part, the properties obtained in the 
356 alloy chilled casting are about the same proper- 
ties that would have been predicted on the basis of 
simple test plate data. 


Chilled vs Sand Castings 


It is of interest to compare these results obtained 
in the chilled sand castings with present design nimi- 
mums for sand castings. Government specifications 


Fig. 6 — Cleaned housing casting 
shown test bar locations 7-11. 
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Fig. 5 — Cleaned housing casting 
shown test bar locations 1-6, 12-14. 


permit the average of three test bars cut from a 195 
alloy casting to be as low as 24,000-20,000-34.3 The 
average properties obtained on the chilled housing 
were 46,900-28,400-10.0, representing an increase of 
95 per cent in ultimate tensile strength, 42 per cent 
in yield strength, and thirteen hundred per cent in 
elongation (over minimum specifications). 
Furthermore, by re-rigging the chilled casting on 
the basis of results obtained in these trial castings, 
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it should be feasible to produce minimum casting 
properties approaching this level. 

Similar improvement over present casting mini- 
mums was obtained in the chilled 356 casting. Here, 
average properties obtained were 42,300-32,700-5.8, 
compared to minimum casting specifications (aver- 
age of 3 test bars) of 22,500-20,000-34 per cent.4 The 
average properties of the 356 alloy chilled housing 
represent an improvement over design minimums of 
89 per cent in ultimate tensile strength, 63 per cent 
in yield strength, and eight fold in elongation. 


Summary 


The translation of laboratory results in simple test 
plate castings to the production of a fairly large, 
high quality casting has been described. By judicious 
chilling of the casting, and by careful foundry prac- 
tice, the mechanical properties of the casting were 
raised substantially above present design minimums. 

Properties of coupons cut from the sand casting 
of 195 alloy made without chills averaged 36,900 psi 
ultimate tensile strength, 25,200 psi yield strength, 
and 4.3 per cent elongation. Addition of chills raised 
these average properties to 46,900 psi ultimate ten- 
sile strength, 28,400 psi yield strength, and 10 per 
cent elongation. Chilling raised the average proper- 
ties of the same casting made in 356 alloy from 
31,000 psi ultimate tensile strength, 26,400 psi yield 
strength, and 1.4 per cent elongation to 42,300 psi 
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tensile strength, 32,700 psi yield strength, and 5.8 
per cent elongation. 

The properties of the chilled 195 alloy casting 
represent an improvement over present minimum 
specifications of 95 per cent in ultimate tensile 
strength, 42 per cent in yield strength, and thirteen 
hundred per cent in elongation. The properties of 
the chilled 356 alloy casting represent a similar im- 
provement of 89 per cent in ultimate tensile strength, 
63 per cent in yield strength and 800 per cent in 
elongation. 
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WEAR CHARACTERISTICS OF EPOXY 
PATTERN MATERIALS 


By 


M. K. Young* 


A recent survey disclosed that many foundries and 
pattern shops have accepted plastics for patterns, 
cope and drag equipment and plastic core boxes. The 
survey also indicated that other shops condemned 
plastics, because the first and only pattern they made 
was unsatisfactory and did not do the job. Upon 
investigation it was found that the same application 
in metal was not too satisfactory. Some place between 
these two extremes of overwhelming acceptance and 
rejection must be the right approach. 

We know from experience that the productive life 
of a wood pattern for hand or machine molding is 
estimated to be 500 to 700 molding operations. For 
quantities in excess of 500, aluminum or brass pat- 
terns are recommended and normally used. However, 
because of the high cost, many companies cannot 
justify metal equipment. 

When this condition exists, plastics can and should 
be used. The productive life of a plastic pattern or 
core box has never been accurately established. This 
is due to several things. Many plastic patterns have 
been misused. Some have been designed for hand 
molding. When a customer receives the pattern he 
decides to try it out on a sand slinger. Naturally, 
it will not do a satisfactory job, since it was not 
designed for this type molding. 

In spite of these misapplications, the productive 
life of a plastic pattern is significantly better than a 
wood pattern. Quite often it approaches the life of 
some metal patterns. 

Over the past five years epoxy resins have estab- 
lished themselves as a good pattern material. They 
have been tried and proven. We have heard many 
typical success stories and case histories on many 
patterns. It is important that the proper materials and 
techniques be selected and applied for each applica- 
tion. That is, if we as pattern makers are to enjoy 
the advantages offered by this new field. With this 
in mind, I would like to present this paper in which 
we will suggest several tried and proven methods of 
construction. The wear characteristics of three of four 
basic materials currently being used by the pattern 
industry will be compared. 


*U.S. Gypsum Company, Chicago, Illinois. 


Since high temperature characteristics or heat 
resistant materials are becoming more important to 
the pattern maker, a new concept in plastic pattern 
making will also be introduced. 

To obtain data, we felt that a survey should be 
made to determine the type materials preferred by 
the pattern industry and to investigate good fabricat- 
ing techniques. This preliminary study was deemed 
necessary in order to. get the pattern makers’ sug- 
gestions, and to design a test method that would 
parallel foundry wear characteristics. We also wanted 
a test method that would help the pattern maker to: 


1. Classify materials and their applications. 

2. Submit shop techniques that have been found 
universally satisfactory. 

3. Simplify selection of materials. 

4. Prevent failures and customer dissatisfaction in 
the future. 


The entire program became involved and it be- 
came apparent that we could not make specific rec- 
ommendations and comparison because of the many 
available pattern materials and methods of fabrica- 
tion. For example, in Milwaukee, casting resin is 
used extensively for patterns and foundry equipment. 
Precast aluminum cores or reinforcing shells are 
made suspended in a mold cavity. Casting resin is 
poured to provide the face of the pattern. The con- 
sensus in this area indicated that this is the only 
way to make plastic patterns. 

Investigation disclosed that the one and only way 
started in a large captive shop. This shop had a 
foundry where they could conveniently cast the 
aluminum cores or reinforcing shells. 

Several shops in Toledo and Philadelphia make 
plastic patterns and core boxes by laminating glass 
cloth. These are reinforced with a high strength 
plaster or a casting resin. 

In Cleveland and Chicago some shops cast patterns 
while other shops laminated patterns. Here again, 
the casting technique was influenced by the fact that 
a subsidiary or nearby friendly foundry was available. 
The pre-cast aluminum provided the back-up strength 
for cast patterns while 8 to 15 layers of glass cloth 
were used to reinforce the laminated patterns. 
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Regardless of the plastic pattern construction, the 
three main complaints of pattern shops were: 


1. The plastic pattern equipment quite often was 
not being used for the application originally in- 
tended. As a result the plastic was damaged to 
to the extent that it could not be used without 
extensive repair. 

2. Unnecessary abuse by the foundry because the 
patterns were plastic. 

3. Resistance by the customer to accept plastics or 
to share the cost of making experimental plastic 
patterns. 


With this information, it was still difficult to make 
a decision as to the method of comparing wear re- 
sistance. Some pattern makers suggested flat panels 
subjected to a sand slinger or a sand blast. Which 
type sand would you use in the slinger that would 
satisfy all shops? How much air pressure and which 
size grit should be used in the sand blaster? 

Others suggested that we make four or five pat- 
terns or core boxes by laminating and casting. This 
was a good suggestion, but there are approximately 
15 manufacturers of materials suitable for foundry 
patterns. Fifteen material suppliers multiplied by five 
to ten formulations ranges from 60 to 150 materials. 
This multiplied by four or five different patterns 
would ultimately result in something like 400 to 700 
test samples. 

Naturally, this is more work than any one company 
or research establishment could do without consid- 
erable time, money and experienced personnel. Be- 
cause of the time involved it was felt that a 
preliminary investigation should be made on plastic 
materials using standard A.S.T.M. abrasion tests. 

Good abrasion resistance is exceedingly important 
in the application of plastics for foundry patterns. 
Inert fillers are used in epoxy formulations to con- 
trol the exothermic temperature rise, reduce shrink- 
age and by the selection of the proper filler, the 
abrasive resistance can be materially improved at the 
same time. 

This test was later found to correlate very closely 
with comparative wear characteristics in the foundry. 

The test is also recommended by the Society of 
Plastics Industry for testing plastics recommended for 
pattern materials. 

Comparative abrasive resistance of the various fill- 
ers were obtained by using the Taber Abraser Tester. 
The function of the Taber Tester is to duplicate, in 
measurable terms, the rubbing abrasion encountered 
in actual service. Both qualitative and quantitative 
wear can be determined. The qualitative wear is 
calculated by the loss in weight of the sample after 
5000 cycles. Quantitative or total wear is indicated by 
the depth of penetration or groove made by using 
abrasive wheels. This wear is measured with a 
micrometer. 

The material formulations were narrowed down 
to three general classifications which are being used 
by industry today: 


1. General Purpose Surface Coat or Gel Coat 
(Calcium Carbonate Titanium Dioxide). 
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2. Aluminum filled Casting Resin. 
3. Die Surface Resin (Silicone Carbide-Aluminum 


Oxide filler). 


The filler used plays a big part in the success of 
the pattern. However, the technique or fabricating 
methods were found to be the biggest factor in the 
successful use of plastics. Even when high abrasive 
resistant materials are used metal wear pads or in- 
serts are highly recommended for core prints and on 
surfaces supporting the foundry flask. 

From experience it has been found that the metal 
wear pads should be a minimum of %,-in. to \4-in. 
in thickness. They can be fastened to the pattern 
equipment by machine screws or by incorporating 
them into the pattern during the laminating or cast- 
ing operation. 

Some plastic pattern failures can be attributed to 
excessive surface coat thickness in corners or projec- 
tions. To provide better chip resistance the surface 
coat should be 44.-in. to \,-in. This coating should 
be reinforced with a putty mix of resin on milled 
glass fibers or fiberglas cloth. This also applies to the 
die surface type resin. It has better abrasion resist- 
ance and shows little signs of wear, but it is some- 
what brittle in corners when the thickness is in 
excess of ¥4 ,-in. 

Cotton floc or wood pulp like fibers should never 
be used when making putty as they possess only half 
the strength of the glass fibers and have been known 
to cause warpage of a laminate. 

Dimensional shrinkage of a laminated structure 
can be caused by over-staturing the fiberglas cloth. 
A resin-rich laminate will overheat and upon cooling 
is apt to shrink. The recommended resin to cloth 
ratio is 50 per cent by weight resin to 50 per cent 
cloth. It can range up to 65 per cent resin to 35 per 
cent cloth. More resin than 65 per cent will create 
overheating. Laminated patterns 14-in. to 34-in. in 
cross thickness should be completed to two operations. 
Laminates should never exceed 34-in. as overheating 
will occur. 

When there is excessive resin in the fiberglas lam- 
inate, the resin will drain or run into the voids and 
pockets causing hot spots. This will create uneven 
curing and will result in possible warpage. 

Another cause of warpage in a laminated structure 
is the use of exceptionally large fillets. The mass 
thickness of a large fillet will overheat during curing 
and will build up stresses and strains where the egg 
crate construction is used. Therefore, fillets should be 
restricted in size. 

The most common complaint when patterns were 
made by casting was the separation of the plastic face 
from the metal core. This is virtually eliminated if 
and when the metal core is sand blasted. In almost 
every case where this failure occurred it was due to 
the fact that it was a rush job and the shop did not 
take time to have the aluminum casting sand blasted. 

Air bubbles on cast pattern or core box surfaces 
have been overcome by the generous use of soda 
straws to permit the air to escape in undercut sec- 
tions or deep cavities. Shrink marks can be virtually 
eliminated by the use of a high pouring sprue or 
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gate which will provide hydrostatic head pressure. 
The plaster mold should be dried before casting 
resins are used. Moisture in a mold will cause a soft 
spongy surface which will reduce surface wear charac 
teristics. 

If the mold is too wet and not properly sealed with 
several coats of lacquer, a very pourous surface will 
result. This makes it necessary to reface the pattern 
surface and often total replacement of the entire 
pattern or core box. 

Figure 1 shows a wood plug fastened to a flat 
board which will serve as the pattern. A 3-in. wood 
flask or frame is positioned around the pattern. The 
pattern and frame are then coated with lacquer to 
seal the wood and provide a smooth finish. No othe: 
preparation is necessary. No release agent or parting 
compounds are required. The parting or release is 
built in the fine particle material. 

Figure 2 shows the fine particle material. Part A is 
removed from the container by hand and placed ove 
the wood pattern plug as shown. 

Figure 3 shows the pattern covered with a 14-in. 
layer of the fine powder. It is then packed or tamped 
with a round steel dowel. The heavier the object the 
more compact the material will be. It is important 
that the material be tamped or packed as hard as 
possible. 
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Additional material is added and the tamping 
continued (Fig. 4). The powdered material is added 
and packed unti] 14-in. to 3%-in. excess material is 
above the top of the wood frame. 

With a heavy steel bar, strike off the excess duracal 
to provide a flat bottom. This is similar to standard 
foundry practice (Fig. 5). 

Excess material is scraped up and placed into con- 
tainer A and used for another pattern. There is no 
waste. Excess material must be placed in container 
before it dries (within 10-15 min). Keep Part A con- 
tainer closed at all times (Fig. 6). 

A %-in. metal plate (Fig. 7) is placed on the base 
to support the tamped preform as shown in Fig. 9. 

The pattern maker raps the base of the pattern 
several times with a hammer or metal object before 
removing wood pattern and frame (Fig. 8). 

Figure 9 shows extreme care used to remove the 
wood pattern plug and frame from the preform. 

In Fig. 10 the preformed core box is air dried at 
room temperature for several hr. As it dries it gains 
strength, and can then be handled without the sup- 
porting plate. 

To speed up drying of the preformed core box, it 
should be placed in an oven for 45 to 60 min at 300 F 
(Fig. 11). 

While the preform is being dried in the oven, 
Part B the liquid resin is poured into a flat pan 
Fig. 12. 
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After 45 min, the preformed core box is remove:| 


from the oven and placed in the pan of resin. The pI 
depth of the resin is 4-in. (Fig. 13). br 

In Fig. 14 the entire unit is placed in the oven 7” 
for 12 to 16 hr (overnight) at 315 F. ry 


After 114 to 2 hr (Fig. 15) impregnation is a)- 3 


proximately 24 complete as indicated by the line in th 
the preform cavity and outside wall. Complete im = 

pregnation usually requires 3 to 4 hr. ° 
After 8 hr or overnight cure at 315 F (Fig. 16) the * 
impregnated core box is removed from the oven and ms 
a 


the excess resin poured back into container B. Heat 
does not deteriorate the liquid resin, and it can be aj 





used to impregnate the next preform. ba 
In Fig. 17 the duracal core box is finished. Actual . 
time involved was 40 min. Subsequent pattern making rr 
operations can be carried out at this time. Locating 
pins can be inserted during the tamping, or cemented * 
Fig. 28 in after impregnating is completed. ; 
To insure proper mixing 21d thorough blending 
of resin and hardener, mechanical mixing is recom- 
mended (Fig. 18). 
In Fig. 19 the parting compound is brushed on the 
mahogany master pattern, and gypsum cement is 
poured over the pattern surface to a 14-in. thickness. 
The pattern maker (Fig. 20) breaks entrapped ait 
bubbles by brushing entire surface while the plaster 
is still in the fluid or free-flowing stage. This elimi- 


nates pinholes and reproduces fine detail. The pat- 
tern or model can be joggled or vibrated to eliminate 

flow marks or entrapped air. After the first mix has 
progressed from the free flowing to the plastic stage, 

a second mix is prepared. Fiber bats approximately | 
l4-in. thick are dipped into the second mix and placed 
over the entire pattern surface. A wood or metal 

frame is fastened to the mold with fiber bats or ties. 

In Fig. 21 the final mix has set, and the plaster 
mold is removed by wedging evenly around the sur- 
face, or by blowing apart with compressed air. The 
patternmaker then applies two coats of lacquer as 
shown here. It is not necessary to dry the mold before 
lacquering. As soon as the lacquer dries a mold sealer- 
separator is applied according to directions. 
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In Fig. 22 a surface coat resin is mixed with 
proper quantity of hardener and applied with paint 
brush. It is flowed on freely—and never brushed 
out unless fine detail such as intaglio design is being 
reproduced. This brush coat is applied approximately 
14,-in.-4 g-in. in thickness. Surface coat resin gels or 
thickens in 25 to 30 min. Therefore, several mixes 
may be required for large laminated patterns or tools. 

After surface coat becomes tacky (Fig. 23), or 
touch dry (50-60 min), a thin coating of laminating 
resin is applied. Precut glass cloth is pressed into the 
laminating resin. Layer after layer of glass cloth is 
applied with a coating of laminating resin between 
each layer. The laminating is repeated until the 
desired thickness is achieved. Usually 3-4 cloth layers 
will produce a ,-in. thick laminate. Since this 
large cope and drag pattern was reinforced with 
gypsum cement, small loops were made with 3-in. 
tape impregnated with laminating resin. 





Fig. 31 


TABLE | — ABRASION TEsT RESULTS 








Fig. 32 


Fig. 33 









Expected Life in Foundry 

















Grams — Sample wt loss after test 


cc = Grams + Specific Gravity 


Patterns Core Box 
7, Wt. Groove Hand Machine Sand Hand Blow 
Filler Loss Depth Molding Molding Slinger Ram Box 
Surface Coat or Gel Coat 10-50 .1023 cc .0015” Unlimited 25,000 2,000 10,000 
(Calcium Carbonate—Titanium to to Unlimited to 
Dioxide Filler) .1587 grams 40,000 5,000 15,000 
Die Surface Facing Resin 
(Silicone Carbide) 55-60 0159 cc 60,000 25,000 40,000 
.00024” Unlimited to to Unlimited to 
0266 grams 100,000 35,000 50,000 
High Temperature 75 .0612 cc .002” Unlimited 20,000 1,500 9,000 
(Marble Aggregate Filler) to to Unlimited to 
30,000 5,000 15 000 
Casting Resin 40-50 .233 cc .0034 
(Aluminum Powder Filler) | Day After Cast. .3375 grams 
154 ce 0022 
2 Days After Cast. .2231 grams 
1005 grams 0011 Unlimited 30,000 10,000 35,000 
3 Days After Cast. .075 cc to to Unlimited to 
60,000 15,000 40,000 
8 Days After Cast. .0608 cc .00088 Unlimited 35,000 12,000 38,000 
0881 grams to to Unlimited to 
70,000 20,000 50,000 
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After the resin cured over night (8-12 hr) at room 
temperature, gypsum cement was poured to a thick- 
ness of 5-in.-7-in. Iron bars or rods were used to 
reinforce the pattern to withstand the 200 tons pres- 
sure applied by the molding machine. A view of the 
gypsum cement back-up is in Fig. 24. 

In Fig. 25 the completed pattern is an exact du- 
plicate of the original mahogany master. This plastic 
pattern was produced in one week as compared to 
the metal pattern with required 2-3 months. The 
cost of this pattern was approximately $4,000 com- 
pared to the metal pattern which was estimated 
at $15,000. 

Metal wear plates are placed on the mold surface 
to provide additional wear (Fig. 26). They are us- 
ually %,-in. to 44-in. in thickness and 4-in. to 5-in. 
long and placed approximately five to six in. apart. 

When applying surface coat and laminating resins 
to large patterns as shown here, two or more men 
should work on the pattern (Fig. 27). 

Laminating deep molds can be accomplished by 
rolling cloth on a wood dowel rod and then 
smoothed out with a paint brush or rubber gloves. 
This avoids wrinkling and cloth can be held tightly 
as it is applied (Fig. 28). 

In Fig. 29 metal inserts provide additional wear 
characterstics and make the pattern more rigid. 
Angle irons are generally used and is fastened when 
laminating pattern with 4 or 5 layers of cloth. They 
are usually applied after 5 or 6 layers of cloth have 
been applied to the mold surface. 
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Figure 30 shows the finished pattern. A metal plate 
on core print was placed in the mold and fastened 
to the pattern as an integral part of the plastic. This 
provides better wear characteristics and insures 
longer life. This pattern was then mounted on a cope 
and drag board. 


Glass tape is inserted into core (Fig. 31) prints to 
build up thickness after 1 or 2 layers of cloth have 
been placed on pattern. Metal inserts are then applied 
to the main body of the pattern with several layers 
of impregnated glass tape. 


To provide rigidity 1-in. mahogany is sawed to the 
general outline of the inner pattern surface (Fig. 32). 
It is fastened or bonded to the plastic with glass 
cloth impregnated with laminating resin and a putty 
mix consisting of milled fibers and laminating resin. 


Figure 33 shows the finished pattern. Metal plates 
are on core prints. This pattern was then fastened 
to cope and drag board. 


The comparison of the various plastic materials 
which are adaptable to plastic pattern making have 
been set forth to illustrate the materials and their 
applications for foundry patterns. Table 1 shows the 
type of material to use for low production and high 
production work. If the pattern maker selects the 
proper material, and applies his ingenuity and crafts- 
manship, he will be rewarded with plastic patterns 
that will serve the industry at a reduced cost and 
savings in man hours in overall pattern making time. 
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AGING PRACTICES FOR HIGH STRENGTH 
DUCTILE ALUMINUM ALLOY HP 356 


By 


Alan B. DeRoss* 


Remarkably improved physical properties for alu- 
minum alloy 356 have been obtained by limiting the 
iron content to a maximum of 0.15 per cent. 

This improvement is a welcome one for design en- 
gineers who for many years have sought an alumi- 
num casting alloy that would perform satisfactorily 
under applied stresses such as those produced in 
structural parts for aircraft, automotive, and indus- 
trial equipment. The demand for higher quality by 
these industries has required foundrymen to produce 
exceptionally sound castings incorporating high 
strength and ductility. In addition to high strength 
and ductility, casting alloys must display castability, 
machineability, dimensional stability, and corrosion 
resistance. 

The alloy which approaches these characteristics 
almost in entirety is alloy 356 of the aluminum- 
silicon-magnesium group. This popular foundry al- 
loy produced with a low impurity content, particu- 
larly iron, exhibits exceptionally high ductility. 


Effect of Iron 


The unique factor which makes alloy HP (high 
purity) 356 superior is its much greater reserve of 
ductility. This is accomplished by limiting the iron 
content to a maximum of 0.15 per cent and holding 
other impurities to as low a value as possible. The 
effects of minor alloying elements and impurities on 
alloy 356 have adequately been covered in the paper 
by Lemon and Hunsicker.1 However, since iron, 
above all other impurities, has such a detrimental 
effect on the ductility of alloy 356, photomicrographs 
exhibiting a comparison between the beta iron- 
silicon constituent of HP 356 and standard 356 is 
shown in Fig. 1. According to Mondolfo? and Bon- 
sack,? beta iron-silicon occurs in the form of large 
thin needles and plates. Like most intermetallic com- 
pounds, it is brittle and reduces ductility, in propor- 
tion to the amount present. The specification for 
alloy HP 356 is given in Table 1, along with a typical 
chemical analysis compared with the standard grade. 
*Technical Specialist, Pig & Ingot Department, Kaiser Alumi- 
num & Chemical Sales, Inc., Chicago, Illinois. 
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Heat Treatment 


The higher ductility of HP 356 permits the use of 
more complete artificial aging in order to develop 
the full potential strength values without approach- 
ing brittleness not possible to accomplish with or- 
dinary standard grades. While it is not ordinarily 
thought of in this manner, the T6 heat treatment 
actually was designed to permit only partial aging 
in an effort to conserve elongation at the expense 
of strength. Now, however, with the high purity ver- 
sion, heat treatments can be used which develop the 
full strength potential without the elongation de- 
teriorating drastically. 

Standard solution heat treatment practices are not 
changed for alloy HP 356. Combinations of proper- 
ties are obtained by varying the aging temperatures 
and time at temperatures. Thus, mechanical proper- 
ties can be obtained in a range from 41,000 psi 
tensile strength, 23,000 psi yield strength, 16 per cent 
elongation to 45,000 psi tensile strength, 34,000 psi 
yield strength, 8 per cent elongation for permanent 
mold, and from 37,000 psi tensile strength, 25,000 psi 
yield strength, 10 per cent elongation to 41,000 psi 
tensile strength, 34,000 psi yield strength, 5 per cent 
elongation for sand cast. 


Experimental Procedure 


All alloy ingot was melted in a propane gas-fired 
furnace, using silicon carbide-clay bonded crucible, 
with sodium borate glaze. Approximately 50 lb of 
aluminum were melted at one time. Fluxing was ac- 
complished by flushing with chlorine gas for approx- 
imately five minutes. Casting temperatures for both 
sand cast and permanent mold castings were between 
1250 F (677 C) and 1300 F (705 C). The operating 
temperature of the permanent mold was approx- 
imately 625 F (330 C). Sand cast test specimens 
were cast in natural bonded green molding sand. 

To determine the effect of a higher magnesium 
content on alloy HP 356, an addition calculated to 
0.60 per cent magnesium was made using pure stick 
magnesium. This high-magnesium alloy is designated 
XHP 356. The material was plunged below the sur- 
face of the melt and stirred in to insure uniformity 
in composition. 





Standard test bar designs were used for both sand 
and permanent mold test specimens as shown in 
Fig. 2 and 3. All test specimens were radiographed to 
insure casting soundness. The quality was judged by 
radiographing the original specimens from two mu- 
tually perpendicular directions which were also per- 
pendicular to the major axis of the specimen and by 
inspection of the fractured surfaces of the specimens. 
This judging was done without regard to the tensile 
results. 

Established melting and casting techniques were 
followed throughout this investigation. 

Table 2 lists the chemical analysis of the alloys 
involved in this investigation. All chemistry was de- 
termined by wet chemical means on chill cast discs. 

Solution heat treatment was performed in a circu- 
lating hot air furnace. The specimens were held at a 
temperature of 1000 F (538 C) plus or minus two 
degrees, for ten hours and were then quenched into 
water which was at a temperature of 180 F (82 C). 
All specimens remained at room temperature for 
24 hr before commencing the aging cycle. 


Melting Precautions 


With HP 356 it is important that foundry melting 
practices be controlled to eliminate the possibility of 
iron pick up from equipment or from foreign con- 
taminates. Chemical composition of the alloy should 


TaBLe 1 — HP 356 ALLoy SPECIFICATION AND ANALYSIS 
VERSUS STANDARD GRADE 











HP 356 Typical Analysis 
Element Specification HP 356 Std. 356 
Cu 0.10 max 0.01 0.08 
Si 6.5-7.5 7.00 7.00 
Fe 0.15 max 0.11 0.40 
Mg 0.25-0.40 0.34 0.32 
Zn 0.10 max 0.02 0.03 
Mn 0.10 max — 0.01 
Ti 0.20 max 0.11 0.10 
Other 
elements 0.03 max 
each 
Other 
elements 0.10 max 
total 





TaBLe 2— CHEMICAL ANALYSIS OF ALLOYS 
HP 356 anno XHP 356 


Composition (Percentage) 
Alloy Cu Si Fe Mg Zn Ti 











HP 356 0.01 6.9 0.12 0.31 0.01 0.10 
XHP 356 0.01 6.9 0.10 0.58 0.01 0.09 








Fig. 1a — Lett — beta iron-silicon con- 
stituent in 356 standard. 


Fig. 1b — Right — beta iron-silicon con- 
stituent in HP 356 alloy. 







be maintained as close to the nominal amount as 
possible. This is particularly true of the magnesium 
content 0.30 per cent nominal. Observations by the 
author seem to indicate that a significant reduction 
in tensile and yield properties can result if the mag- 
nesium content is allowed to drop below 0.25 per 
cent. 

Fluxing with chlorine gas is desirable although it 
does have one disadvantage associated with alloys 
containing magnesium. Chlorine combines with, and 
subsequently removes magnesium. However, most 
suppliers furnish this alloy with magnesium near 
the high side so that the nominal composition is 
reached after remelting and fluxing. HP 356 has ex- 
cellent casting characteristics, machinability, dimen- 
sional stability, and corrosion resistance. 


Aging Procedures 


Aging curves for alloys HP 356 and XHP 356 
sand and permanent mold cast are shown in Fig. 
4, 5, 6 and 7. An examination of these curves seems 
to indicate that a generous combination of mechan- 
ical properties is available for the 320 F (160 C) 
temperature for alloy HP 356. The range is some- 
what narrower for alloy XHP 356. Higher aging tem- 
peratures, particularly for permanent mold, were 
necessary to develop optimum mechanical properties 
for alloy XHP 356. 

Several different aging temperatures were inves- 
tigated for both alloys. Some of the mechanical prop- 
erties obtained for permanent mold and sand cast 
are shown in Tables 3 and 4 compared with the 
standard grade of alloy 356. Close examination of 
these two tables gives some indication of the wide 
latitude of properties available at the temperatures 
indicated. A striking increase in properties for alloy 
HP 356 is readily apparent, particularly yield 
strength and elongation, when compared against 
those of the standard 356 shown in the tables. 

It is apparent that greater ductility is available in 
the Al-Si-Mg alloy 356 when the iron content is main- 
tained at as low a level of concentration as possible. 

A 24 hr holding period after the solution heat 
treatment is definitely advantageous. According to 
Quad,* cast alloys utilizing magnesium silicide as the 
principal hardening compound are markedly. af- 
fected by a room temperature aging’ interval. The 
direct effect of this interval is an increase in ductility. 

Utilizing the data and aging curves in the text 
should enable a design engineer to pick a combina- 
tion of properties suitable for his requirements. 
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Fig. 2 — Sand cast test bars were 
made in natural bonded green 
sand 


Properties Developed 

Alloy XHP 356 developed some interesting prop- 
erties and where high strength and high hardness 
with fair ductility is required, this alloy may offer 
some advantage. The higher combination of yield 
strength and elongation obtainable with HP 356 
should result in substantially higher impact strength. 

It is apparent that higher aging temperatures are 
necessary to develop properties for HP 356 and 
XHP 356. The aging temperatures of 320 F (160 C), 
Fig. 4 and 5, were not chosen to indicate this tem- 
perature as producing the best properties. These 
curves were plotted to show the variation in prop- 
erties that are available at one aging temperature. 
Specific tempers, for example T6, can be picked 
from Tables 3 and 4. 


Conclusions 
Alloy HP 356 exhibits superior ductility and im- 
proved tensile and yield strengths. The alloy should 











find wide acceptance for applications involving 
stressed parts. The variety of properties is only lim- 
ited by the preference of the design engineer. Table 5 
lists some suggested aging cycles for sand cast and 
permanent mold castings. 

Alloy XHP 356 with a nominal composition of 
0.60 per cent magnesium aged four hours at 350 F 
(177 C) permanent mold, and six hours at 325 F 
(163 C) sand cast, will produce mechanical proper- 
ties of unusually high strengths with comparatively 
fair ductility. 
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Fig. 3 — Operating temperature 
of 625 F was used for permanent 
mold when casting test bars. Metal 
poured between 1250-1300 F. 
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TABLE 3— AVERAGE PERMANENT Mop MECHANICAL 
PROPERTIES OF ALLoys HP 356 anp XHP 356 as 
COMPARED WITH STANDARD 356 


569 


TABLE 4— AvERAGE SAND Cast MECHANICAL PROPER- 
TIES OF ALLtoys HP 356 anp XHP 356 as CoMPARED 
WITH STANDARD 356 





Typical Values (not guaranteed) 








Tensile 
Tensile vield Elonga- 
Temp. Hours Strength strength* tion 
(F) atTemp. Alloy (psi) (psi) (% in 2-in.) 
2 Std 356 38,500 31,500 7.0 
8 40,100 35,000 3.0 
350 2 HP 356 39,200 30,000 9.0 
8 41,500 $1,000 7.0 
2 XHP 356 46,000 36,500 6.2 
8 49,500 44,000 18 
2 Std 356 40,200 33,500 6.0 
8 36,000 32,500 2.5 
375 2 HP 356 42,500 32,000 11.0 
8 37,500 30,000 11.0 
2 XHP 356 16,000 40,000 3.0 
8 43,500 37,000 12.5 
2 Std 356 40,000 $2,500 8.0 
8 38,000 30,500 5.5 
400 2 HP 356 40,500 $2,500 10.0 
8 35,500 26,500 12.0 
2 XHP 356 46,000 40,500 8.2 
8 40,500 34,000 6.0 
2 Std 356 40,000 $2,500 6.2 
i 8 32,000 23,000 11.5 
Ft 37,500 29,000 11.0 
8 HP 356 29,500 19,500 14.0 


* offset = 0.2% 


Typical Values (not guaranteed) 








Tensile 
Tensile yield Elonga- 
Temp Hours strength strength* tion 
(F) atTemp. Alloy (psi) (psi) (% in 2-in.) 
2 Std 356 35,000 27,500 5.0 
8 38,000 $2,000 2.5 
350 2 HP 356 39,500 30,000 75 
= 8 40,000 33,000 5.0 
2 XHP 356 47,500 41,500 2.5 
8 46,000 43,000 1.8 
2 Std 356 36,500 30,000 3.5 
8 34,000 30,000 2.5 
375 2 HP 356 40,000 $2,000 6.5 
- 8 39,000 34,000 5.0 
2 XHP 356 = 47,500 45,500 2.0 
8 45,000 42,000 1.5 
2 Std 356 36,200 29,000 3.5 
8 $2,500 25,000 4.0 
400 2 HP 356 40,500 33,000 8.0 
8 35,500 27,500 6.2 
2 XHP 356 47,500 45,500 2.0 
8 42,500 39,000 2.5 
2 Std 356 34,500 26,800 5.0 
8 29,000 20,000 5.0 
= 2 HP 356 37,700 30,000 7.0 
8 $1,500 22,500 12.5 


* offset = 0.2%, 








TABLE 5 — SUGGESTED AGING CycLEs For ALLoY HP 356 











Temper Time,hours Temp. (F) Remarks 
T6 3 $20 Permanent Mold 
r6l 8 $20 Permanent Mold 
T6 2 350 Sand Cast 
T6l1 2-4 400 Sand Cast 
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PRODUCTION AND PROPERTIES OF ALUMINUM 


ALLOYED CAST CUPRO-NICKEL 


By 


G. L. Lee* 


ABSTRACT 

Due to the excellent corrosion and erosion resistant 
properties exhibited by the cupro-nickel alloys as 
wrought condenser tubes in sea water, an investigation 
was conducted to develop cast alloys for pumps, 
valves, fittings and auxiliary equipment. Two practical 
alloys were evolved having a common base of copper 
with 12 per cent nickel, one containing nominally about 
1.2 per cent iron and the other having about 0.6 per 
cent iron and 1.5 per cent aluminum. 

These cast alloys have corrosion and erosion re- 
sistances similar to the corresponding wrought ma- 
terials. The iron containing cast alloy develops about 
45,000 psi ultimate tensile strength with 30 per cent 
elongation. Lower iron, aluminum containing alloy has 
about 95,000 psi tensile, and about 10 per cent elonga- 
tion with a hardness as cast of about 20 Brinell. Both 
of these alloys make excellent marine hardware and 
fittings. 


Introduction 


In the days of the relatively low pressure, low 
speed, reciprocating, expansion-type marine propul- 
sion, copper and copper-zinc alloys gave compara- 
tively good service. With the advent of the higher 
pressures, it became apparent that the old alloys did 
not possess sufficient erosion corrosion resistance to 
withstand the more severe conditions imposed upon 
them. Increasing the vessel speed from about 8 knots 
to about 17 knots and higher did more than just 
double the speed. The erosion and corrosion prob- 
lems were multiplied by considerably greater factors. 
The old or established alloys only lasted for a few 
months where formerly they had given years of al- 
most trouble free service. 

The work of LaQue,! and Tracy and Hungerford? 
was directed toward producing tubing that would 
withstand the conditions generated by the modern 
demands for longer service life. It was fairly well 
known, from the Navy’s experience, that Monel and 
70-30 cupro-nickel would give the kind of service re- 
quired, but there was an understandable resistance 
to their somewhat higher cost. Therefore, the work 
of developing corrosion and erosion resistant alloys 
was directed toward cheaper alloys that would fulfill 
this need. 


*Metallurgist, Research Laboratory, International Nickel Co., 
Inc., Bayonne, New Jersey. 





The tremendous amount of work that covered al- 
loying, finishing and testing of a long list of compo- 
sitions resulted in the acceptance of the 90-10 cupro- 
nickel alloys modified with iron and manganese. This 
was found not only by laboratory tests but by actual 
service tests in power stations and on shipboard. It 
soon became apparent that the commonly accepted 
cast fittings were no match for these new tube alloys. 
There was a lack of a suitable casting alloy from 
which fittings could be produced, having a sea water 
corrosion and erosion resistance equal to or better 
than wrought 90-10 alloys. 

It was felt that cast alloys having a better resistance 
to erosion corrosion than the wrought alloys would 
be most desirable. This is because most fittings are 
points of turbulence and would have to withstand 
impingement attack along with the general corro- 
sion encountered. 


Development of the Casting Alloys 


In developing a casting alloy for the specific pur- 
pose of marine service the following objectives were 
considered: 1—suitability, 2—cost, 3—castability and 
pressure tightness, 4—strength and ductility, 5—weld- 
ability, and 6—appearance. Since it was known that 
the cupro-nickels containing iron were suitable and 
of agreeable cost it was only necessary to develop 
them to fit the remaining four objectives. 

In order not to introduce too many variables at 
one time, a base of 12 per cent nickel was selected. 
A series of 30 lb induction furnace melts, designed 
to explore the various levels of iron, manganese, 
and deoxidizers, needed to give equal or better prop- 
erties than the older accepted alloys. Mechanical 
properties along with the fracture and pressure char- 
acteristics of a bushing casting from each melt were 
the criteria for judging the melting and molding qual- 
ities obtained. 

Tensile bars were cast to shape in green sand us- 
ing the Eash four-bar pattern. This produces 34-in. 
diameter reduced section bars, cast horizontally. 
These bars form a square with a 134-in. diameter 
riser at each corner. A down sprue in the center is 
connected by %¢-in. x 34-in. gates to the risers. 
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Photographs of castings from this pattern have 
been set forth in AFS Transactions, Vol. 46, (1938) 
p. 43. 

Bushings, measuring 2\4-in. O.D. x %-in. wall 
x 4-in. long made with a dry sand core, were cast. 
These were cast from each of the melts to check pres- 
sure tightness. Melting was done in unlined clay- 
graphite crucibles in a 30 lb high-frequency induction 
furnace, and later in a 175 to 400 lb oil-fired crucible 
furnace. 


Copper-Nickel-Iron Alloys 

The effects of iron and manganese on the tensile 
properties are shown in Fig. 1 and Table 1. In the 
early part of the work the recovery of these two 
elements was rather erratic. After establishing a def- 
inite control of the metal bath more consistent re- 
sults were obtained with the desired properties. 

Low iron and low manganese combined produced 
somewhat lower than desired strengths. Greater addi- 
tions of manganese produced strength increased to 
above 40,000 psi, with elongations in the 35 to 40 
per cent range. 

It is evident from this figure that about 1.2 per 
cent iron is necessary to produce a tensile strength of 
45,000 psi. Higher iron was found to be somewhat 
detrimental to ductility. 

Some of the work on this alloy was found to be in 
agreement with that of Bolton and Harder.? Man- 
ganese has a mild hardening effect and a minimum of 
about 0.65 per cent should be added. Greater amounts 
up to 1.5 per cent had little influence on the tensile 
properties. It is believed that manganese helps retain 
the iron in solution, which is desirable, so a level of 
1.0 per cent was calculated in the later heats. 
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It has been found by Bailey* that the sea water 
corrosion resistance of the iron containing wrought 
cupro-nickel alloys was adversely affected by the pres- 
ence of an undissolved iron-rich second phase. 
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Fig. 1 — Effect of iron at 12 per cent nickel, 0.08 per cent 
phosphorus. 


TABLE | — TypicaAL MECHANICAL PROPERTIES OF THE 90-10 Cupro-NicKEL ALLOYS WITH IRON 











Yield 
Ultimate Strength % 
. ia ’ Tensile 0.5% Elongation BHN 

es Composition — %1 Strength Extension in 1000 

Cu Ni Fe Mn Si Other psi psi 2-in. Kg 

Effects of Iron 

Bal. 12.01 74 al.) — (.08) 34600 13400 31 63 

Bal. (12.) (1.7) (1.) a (.08) 44500 23000 18 76 

Effects of Manganese 

Bal. 12.03 1.20 69 — (.08) 45500 21500 30 90 

Bal. 12.0 1.22 1.43 — (.08) 48800 26600 21 108 

Effects of Phosphorus 

Bal. (12.0) (1.2) (1.) — (.08) 45500 21500 30 90 

Bal (12.0) (1.2) (1.) — (.15) 45500 30100 8 100 

Effects of Silicon 

Bal. 11.72 1.07 97 043 10100 15300 42 72 

Bal. (12.) (1.2) (1.0) G1) 47500 23600 29 90 

Bal. (12.) (1.2) (1.0) (.2) 31900 30000 3 128 
2Bal. (12.) (1.2) (1.0) (1) 47200 24750 34 100 

Effects of Nickel 

Bal. (5.) (1.2) (1.) C1) $1000 13400 42 61 

Bal. (8.) (1.2) dl.) (1) $7500 15100 40 70 

Bal. (12.) (1.2) (1.) G1) 47400 24000 30 90 

Effect of Charcoal Cover 

Bal. (8.) (1.2) al.) (1) 43100 21200 37 76 

Bal. (12.) (1.2) (1.) G1) 55800 $2500 28 108 

Effect of Lead 

Bal. (12.) (1.2) ql.) (1) (.03) Pb (.25) 40800 17700 19 98 
NOTEs: 


1. Numbers in parentheses indicate added percentages, all others indicate data from analysis. 


2. 250 Ib. crucible melt, dry sand molds. Others green synthetic sand. 
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With some of the higher iron and manganese melts 
trouble was encountered with a few leaky bushings. 
These exhibited some porosity and a dark discolor- 
ation in the fracture. This indicated that phosphorus 
alone was not giving sufficient deoxidation to over- 
come the slight day-to-day variations in the moisture 
content of the sand molds. 

A number of known deoxidizers were run on a 12 
per cent nickel, 1.2 per cent iron and 1.0 per cent 
manganese base in order to determine the most po- 
tent deoxidizer for the composition, consistent with 
high strength and pressure tightness. 

This list included, magnesium, aluminum, titani- 
um, barium, lithium, zinc and silicon. Silicon metal 
at 0.10 per cent was found to be the most effective of 
those tried. The upper limit that can be tolerated 
safely is about 0.15 per cent, since it was found that 
0.20 per cent seriously decreased the ductility to 3 
per cent and produced leaky pressure bushings. 

By using a small amount of phosphorus (0.03 to 
0.05 per cent) with about 0.10 per cent silicon the 
strength properties can be increased by about 10 to 
12 per cent with a small loss in ductility, and retain 
pressure tightness. A charcoal cover will also give 
slightly higher properties along with somewhat closer 
control. 

After establishing a base with 1.2 per cent iron and 
1.0 per cent manganese and using the silicon deoxi- 
dation, a short nickel series was investigated. As 
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Fig. 2 — Ettect of nickel on 88-12 copper-nickel. 











ALUMINUM ALLOYED CupRO-NICKE! 





shown in Fig. 2 the 5 per cent alloy did not develop 
sufficient strength to be of interest, while the 8 per 
cent alloy falls near 40,000 psi. Ten to 13 per cent 
nickel appeared to be a more satisfactory operating 
range. 


Copper-Nickel-Aluminum Alloys 


Some of the data collected on the corrosion of 
tube alloys showed that aluminum might be of assist- 
ance in combating erosion and impingement attack. A 
series of these melts were made containing from 0.5 
to 1.75 per cent aluminum, with the rather sur- 
prising results shown in Fig. 3. An almost linear ad- 
vance in tensile strength was gained by increasing 
the aluminum. 

It was found after some experimentation with the 
iron and manganese contents, that optimum proper- 
ties were obtained at about 0.6 per cent iron and 1.0 
per cent manganese. With 1.5 per cent aluminum the 
as-cast strength was found to be 96-98 thousand psi, 
with an elongation of about 11] per cent. 

Higher iron was found to lower the ductility some- 
what. The high strengths and hardnesses found in 
these alloys are believed to be due to the precipita- 
tion of a high nickel-aluminum compound during 
the slow cooling of the castings. 
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Fig. 3 — Effect of aluminum on 88-12 copper-nickel. 
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El 

op A variable nickel series was made and examined in 

er these 1.5 per cent aluminum containing alloys with 

nt the results shown in Fig. 4, and Table 2. The 9.0 per 

ng cent nickel alloy developed over 70,000 psi ultimate 
strength. The maximum of about 90,000 psi was 
reached at around 12 per cent nickel. 

; There is some evidence that with a suitable adjust- 
* ment of the aluminum content and deoxidation at 
* the higher nickel levels somewhat higher strengths 
A may be obtained. The lower elongations noted in 
* Fig. 4 as compared to Fig. 3 are the result of a series 
¥ of melts made with a multiple deoxidation. These 
¥ were developed in trying to combat the obnoxious 
8 habit aluminum has for forming oxide films when 

present in almost any alloy. Some ductility was sacri- 
wg ficed for increased pressure tightness. 
This multiple deoxidation was the outcome of a 
2 series of deoxidation trials made toward improving 
* the pressure tightness of these aluminum containing 
” alloys. It had been found earlier that phosphorus 
alone was not potent enough to insure pressure tight- 
é ness in the hydraulic-type castings although the tensile 
“ castings were satisfactory. 
: Silicon alone would insure about 30 per cent pres- 


sure tightness, but there was still some filming tend- 
ency. Finally a combination of phosphorus, titanium 
and calcium-silicide in amounts of 0.05 per cent 
each was settled on. This combination produced 
more pressure tight castings than any other combina- 
tion of deoxidizers tried. 


Effect of Impurities 

The effects of various impurities were studied. It 
was found that several of the deoxidizers would se- 
riously impair the properties if used to excess. High 
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Fig. 4 — Effect of nickel at 1.5 per cent aluminum, multiple 
deoxidation. 


TaBLe 2— TypicaL MECHANICAL PROPERTIES OF THE 90-10 CupRo-NicKEL ALLOYS WITH ALUMINUM 











Yield 
Ultimate Strength % 
; at Tensile 0.5 Elongation BHN 
Composition — 71 Strength inns. in 1000 
Cu Ni Fe Mn Al Si Other psi psi 2-in. Kg 
Effect of Iron and Manganese 
86.06 11.80 0.21 0.50 1.40 — (0.08) 79500 51000 9 170 
Bal. (12.0) (1.2) (1.0) (1.5) — (0.08) 82250 52700 7 196 
Effect of Aluminum with Phos. Deoxidation 
86.03 11.93 0.57 0.91 0.45 = (0.08) 53800 23800 28 98 
85.44 12.03 0.65 0.94 0.93 —_ (0.08) 75000 45000 12 164 
84.88 11.94 0.63 0.91 1.42 _— (0.08) 96000 61500 11 200 
Bal. (12.) 0.57 0.93 1.76 — (0.08) 88500 60000 10 200 
Multiple Deoxidation 
Bal. (12.0) (0.6) (1.0) (1.5) (0.1) (0.05) Ca (0.05) 98000 68250 9 218 
Bal. (12.0) (0.6) (1.0) (1.5) (0.05) (0.05) Ca (0.05) 89700 65700 7 218 
Ti (0.05) 
2Bal. (12.0) (0.6) (1.0) (1.5) (0.05) (0.05) Ca (0.05) 87000 63400 7 200 
Ti (0.05) 
Effect of Nickel 
Bal. (9.0) (0.6) (1.0) (1.5) (0.05) (0.05) Ca (0.05) 73200 54000 6 200 
Ti (0.05) 
Bal. (15.0) (0.6) (1.0) (1.5) (0.05) (0.05) Ca (0.05) 89000 71100 45 218 
Ti (0.05) 
Effect of. Lead 
Bal. (12.0) 0.58 0.91 1.38 _— _ Pb (0.1) 73500 47900 9 166 
Bal. (12.0) (0.6) (1.0) (1.5) (0.05) (0.05) Ca (0.05) 68500 56500 4.5 180 
Ti (0.05) 
Pb (0.25) 
NOTEs: 
1. Numbers in parentheses indicate added percentages, all others indicate data from analysis. 
2. Bars from center of 8” x 12.5” x 12.5” chill casting. 
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Fig. 5— Typical microstructure of the 12 per cent nickel Fig. 6 — Typical microstructure of 12 per cent nickel, 1.5 per 
alloy with 1.2 per cent iron, balanced copper. Cyanide, per- cent aluminum, 0.6 per cent iron, 1 per cent manganese, 
sulfate etch. X100. balance copper alloy. 10 per cent HCI-FeCl» etch. X250. 


Tasi_e 3—ReEsuLts or Tests ON Cast Fiat Bars, 4-1N. X 34-IN. X 4-IN., Exposep iN EES Apparatus, 
Kure Beacu, N.C. 





Wt. Wt.Loss Wt. 
Loss g/sqin. Loss 
Material Cu Ni e I : } Pb i J P Grams /Day~ mdd 





13.5 F.P.S. 15 C (60 F) for 60 Days 

Hydraulic Bronze 86.3 — 3.9 2.96 0.0076 118 
Composition G 86.9 0.9 ; 9.4 6.15 1.04 0.003 47 
70-30 Cu-Ni + Fe 68.26 30.58 ; _ _ — 0.59 0.002 31 
10%, Ni-Cu + Fe Bal. 11.87 9 ’ 0.72 0.002 31 
12% Ni-Cu + Al 84.4 12.2 d _— J 0.47 0.001 16 
13.5 F.P.S. 30 C (86 F) for 60 Days 
Hydraulic Bronze 86.3 _ . . 9 441 0.011 177 
Composition G 86.9 0.9 . . RE. _ 3.00 0.0077 119 
Mn. Bronze 57.93 — 4 ' _ 65 1.54 0.004 61 
10%, Ni-Cu + Fe Bal. 12.0 \ . — 1.25 0.003 50 
70-30 Cu-Ni + Low Fe 69.1 30.5 ; ) 6.29 0.016 247 
70-30 Cu-Ni + High Fe 68.26 30.58 ; 0.62 0.002 23 


27 F.P.S. 30 C (86 F) for 60 Days 
Hydraulic Bronze 86.2 _ . . 9 11.17 0.029 
Composition G 86.9 0.9 , . — 5.37 0.014 
Mn Bronze 57.93 — 0.69 _ 9.12 0.023 
10% Ni-Cu + Fe 86.2 11.57 1.14 — 0! 2.99 0.008 
12% Ni-Cu + Al RIK 11.88 0.90 : _ 2.63 0.007 
70-30 Cu-Ni + Low Fe 69.) 30.5 0.03 _ 5.80 0.015 
70-30 Cu-Ni + High Fe 68.26 30.58 0.48 0.89 0.002 
Monel (Wrought, Machined) 0.10 <0.001 

F.P.S. = Ft per Sec 

1.P.Y. = In. per Year 

Mdd = Milligrams per sq decimeter (16.5 sq in.) per day. 





Tasie 4 —Aspirator Type SEA WATER JET Tests, SHOwING EFFECTS OF COMPOSITION 
AND Air Bussies, 27 C (80 F) 





Depth of 
Wt Wt. Attack Days 
Loss Loss In. Velocity in 
Alloy Code Cu Ni Fe | Z S 4 As Grams Mg/Day /Month F.PS. _ Test 
79.7 — 02 15 Ol 03 .7323 16 0.007 12 45 
79.7 02 — 15 Ol 3719 8 0.009 12 45 


70-30 Cu-Ni -+ Fe 69.21 o 2 _ 1616 6.7 0.002 20 24 
69.21 _ _ .0609 3 <0.001 20 24 





Admiralty 


03 
Al 74642 — 07 Ol .06 2726 ll 0.007 24 
06 


Brass f 76.42 — O07 01 .2606 11 0.005 24 
12%, Cu-Ni+ Al Bal. 125 .24 4! _ _ 1256 5 0.004 24 
70-30 Cu-Ni+Fe+Al i Bal. 300 57 6 — d _ 0218 <i <0.001 24 
10% Cu-Ni+ Fe 89.04 9.96 .79 .22 _ _ 1404 3 0.001 45 


Norte: *Air added at about 3 per cent. Others no air added to jet. 
Alloys are all in wrought condition. 
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phosphorus (0.15 per cent) was found to lower the 
ductility seriously. 

Where fabrication or assembly of castings by weld- 
ing is expected, phosphorus should be omitted from 
the deoxidation procedure. This is because it causes 
weld cracking. Silicon should be held below the em- 
brittling range, preferably not over 0.15 per cent. 
Silicon can be used in the weldable castings to re- 
place the phosphorus. 

Lead was found to be deleterious to these alloys 
in all amounts exceeding 0.1 per cent. Mechanical 
properties were lowered 15 to 30 per cent by addi- 
tions of 0.1 and 0.25 per cent. Therefore lead should 
be kept out of these alloys. Examples of the above 
described effects are shown in Table 1 and 2. 


Microstructure 


The microstructures of both alloys have been ex- 
amined quite closely during this investigation and 
typical examples are shown in Fig. 5 and 6. 

Figure 5 shows the cupro-nickel iron modified alloy 
as an alpha solid solution with no secondary phases. 
Figure 6 shows the aluminum modified alloy as a 
coarse dendritic alpha solid solution with a second- 
ary phase of a high nickel-aluminum compound. This 
is believed to be associated with the hardening of 
these alloys. 


Corrosion Resistance 

The sea water corrosion resistance of these alloys 
has been determined on several different types of 
testing apparatus at varying speeds and temperatures 
from specimens cut from sand castings. Tests were 
carried out in full strength, clean sea water. 

The apparatus used in making these tests were de- 
scribed by LaQue and Mason.® The results are set 
forth in Tables 3 and 4. The Engineering Experi- 
ment Station apparatus was developed by the Navy 
at Annapolis, Maryland, and consists of a motor- 
driven horizontal shaft on which are 5 discs. 1034-in. 
in diameter used for mounting the test specimens. 
This assembly is rotated at controlled speeds inside 
of a 48-in. long x 37-in. wide x 46-in. deep, thiokol 
lined monel tank. 

Fresh sea water is fed into this tank to a depth of 
42 in. from a constant head source at a rate to keep 
the water at a constant temperature during each test. 

The speeds are controlled by the motor to run be- 
tween 13.5 and 27 ft per sec at the tip end of the 
test specimens which measure |4-in. x 34-in. x 4-in. 
This was mounted as 12 pairs—2 per disc. 

The other equipment used was the jet impingement 
apparatus of eight identical venturi-type nozzles. 
The nozzles were 14-in. inside diameter set into the 
side of a tank 2 ft long x 6-in. wide x 6-in. deep. The 
tank was divided into eight compartments, one for 
each nozzle. 

These jets are fed from a source at a constant 
head of clean sea water. The water overflows the 
boxes through a triangular weir. It can be measured 
to control the flow normally set at 12 ft per sec or 
20 ft per Ib. 

Air can be added to the jet stream by the use of an 
aspirator apparatus in conjunction with the venturi- 
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type nozzles. Water once used all goes to waste. Im- 
pingement is from a distance of 14-in. from nozzle to 
specimen. Specimens are about 114-in. x 114-in. by 
any desired thickness. They are insulated from con- 
tact with other metal by bakelite frames and washers 
so as not to introduce galvanic corrosion along with 
the impingement attack. 

From the results obtained by the use of the de- 
scribed apparatus, comparison of several of these 
alloys and some of the more common copper base 
ones are set forth in Tables 3 and 4. Data in Table 
4 are for wrought alloys tested in the jet impingement 
apparatus to illustrate the effects of composition on 
the erosion resistance of the alloys. 

The cupro-nickel-iron modified alloys and the 
cupro-nickel-aluminum modified alloys behave about 
like the 70-30 cupro-nickel alloys containing iron. 
They behave somewhat better than most of the other 
copper-base alloys. 

The increase in temperature takes its toll from 
many of the alloys, however the iron and aluminum 
modified cupro-nickels demonstrate good resistance 
to erosion-corrosion under quite drastic conditions. 


Recommended Practice for 
Production of the Alloys 


Melting 

These alloys are best produced by melting down 
the copper and nickel, at about 2320 F, deoxidizing 
with 0.03 per cent of 14 per cent phosphor copper. 
Iron and manganese, either as high purity pig iron 
and 97 per cent manganese metal or as ferro-80-man- 
ganese, then the aluminum if any, and finally the de- 
oxidizers are then added. The deoxidizers consist of 
0 to 0.08 per cent phosphorus, and up to 0.15 per 
cent silicon for the iron alloy, and 0.05 per cent 
phosphorus, 0.05 per cent titanium, and 0.05 per 
cent calcium (as calcium silicon) in the aluminum 
containing alloy, added in this order. 

Iron added to the melt in the form of small broken 
pieces of high purity pig was found to go into solu- 
tion much more readily than ingot iron or steel 
punchings. This is because of its lower melting point. 
The carbon in the pig also causes some deoxidation 
with a mild effervescence upon addition. This prob- 
ably helps increase the percentage of iron recovery. 

Aluminum can be added either in the furnace or 
ladle on those melts where desired. The melt should 
not be superheated above 2700 F after this addition 
as high oxidation losses are encountered. It is better 
to use preheated ladles than to superheat the metal. 

A pouring range of 2500 to 2275 F works well with 
the cupro-nickel aluminum alloy. Pressure-type cast- 
ings of the latter alloy have been successfully made 
in the pouring range of 2550 to 2350 F. 


Sand 

In the production of green-sand molds, a syn- 
thetic sand of washed and dried silica sand with 
about 5 per cent bentonite bond is preferred. This 
is due to better control of ingredients and properties 
along with generally superior refractory qualities. 
Moisture is best held around 4 to 5 per cent for 
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workability and freedom from moisture reactions that 
result in gas porosity. Sponging should be avoided. 
If used, the molds should be skin dried before pour- 
ing. A satisfactory sand mix for these alloys is: 


100 Ibs washed silica sand, AFS 60-70 
5 lbs bentonite 
4 pints water 
5-min mulling in speed muller 


Natural sands of high refractory quality with perme- 
ability of not less than 40 to 50, and well vented, 
should produce as satisfactory castings as the syn- 
thetic mixes. 

Regardless of the sand used, mold hardness should 
be controlled. In handling any alloy with a linear 
shrinkage of 14-in. per ft, molds rammed just hard 
enough to resist washing are best. 

Rammed pattern gates and runners give better 
results in synthetic sand mixes as less washing is 
likely to occur than with hand cut ones. More ac- 
curate size and placement can be obtained. Silica 
washes should be avoided. Little improvement was 
found in the appearance of the castings made in 
molds so treated, but, some porosity was evident and 
thought due to lowered permeability or an incom- 
pletely dried wash. 

Thoroughly baked oil-sand cores of low oil con- 
tent, kept dry and clean, have produced good pres- 
sure tight castings. Whistlers and gas vents should 
always be provided. Careless smears of core pastes 
on the metal sides of cores have caused blows and 
porosity. 

Some non-siliceous parting dusts have been found 
troublesome if used in excess or allowed to ac- 
cumulate in corners. They break down at high tem- 
peratures and produce gas (CaCO,CaO+CO,) from 
about 900 to 1200F, resulting often on parting line 
porosity. 

Gas from any source should be kept to a minimum 
in the aluminum containing bronzes. This is be- 
cause the gas escapes or is ejected through the metal 
well during freezing and allows the bubble to col- 
lapse. It will surely leave an oxide film path through 
the metal that will leak upon pressure testing. 


Gating and Risering 

As with all alloys containing even small percent- 
ages of aluminum, production of pressure tight cast- 
ings is a serious problem due to the formation of the 
non-reducible oxide films. For this reason gating 
and risering practices were examined quite closely 
with relation to the section thickness of the castings. 

Castings in which metal sections averaged at least 
%%-in. thickness were produced pressure tight and 
sound in most of the trials when properly risered. 
Those having continuous sections of less than 14-in. 
thickness some 50 per cent were pressure tight, re- 
gardless of the gating or the size of the risers used. 
However, when the sections were of relatively small 
area satisfactory castings were produced. For this 
reason it is best not to design pressure castings of 
the aluminum containing alloy to have thicknesses 
less than Y4-in. 

It is recommended that patterns and all gate and 
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runner systems be mounted upon match plates where 
practical. This allows ample runner capacity and 
fixed prints for the risers. 

The study of the runner system brought out that 
if round section risers are used, none should be less 
than 2-in. diameter and of sufficient height to pre- 
vent piping into the casting. This depends on the 
type and weight of casting being poured. 

As an example, one pattern used in this investiga- 
tion was a Ill4-in. gate valve with a l4-in. min 
wall section. It was mounted three on a plate with a 
common runner and either two or four risers. A 
wedge riser 4-in. square at the top by 6-in. high, 
or a cylinder 14-in. diameter by 6-in. high, was used 
on this pattern. Pressure tightness was obtained in 
about 50 per cent of the castings, and soundness of 
section in about 25 per cent of the castings. 

The riser diameter was changed to 2-in. and the 
height to 7-in., which added about 7 per cent more 
feed metal, or increased it from about 75 to 85 per 
cent. When this was done all of the castings made 
in- several heats were pressure tight and sound of 
section. Riser piping was about 4-in. deep. 

Feeding castings from risers with alloys having com- 
paratively short freezing ranges has always demanded 
a high skill riser placement to obtain the desired re- 
sults. It is well known that each new alloy and pat- 
tern presents a new problem of gating properly, that 
sometimes can only be solved by the cut and try 
method. 

Refractory-type skim gates are of assistance in 
breaking up continuous films, if the gates are large 
enough in area to prevent appreciable choking. They 
must be properly placed to cause the least turbulence 
of the metal stream. Turbulence is to be avoided as 
in handling any aluminum-containing bronze. 


Melting Equipment 

These alloys have been melted in both the electric- 
induction and oil-fired crucible furnaces. It is _be- 
lieved that they can be melted in clay graphite cru- 
cibles in almost any type melting equipment capable 
of attaining 2600 F. 

Indirect arc furnaces probably can also be used 
since other cupro-nickels have been melted satis- 
factorily in them. The use of direct arc furnaces is 
not overlooked. The use of proper slags, or good 
ventilating equipment to prevent the spread of vola- 
tilized copper dust into the air from these copper- 
base alloys, should be employed. 

Clean furnace linings, or new crucibles that have 
never been contiminated with lead, should be used 
exclusively for these alloys. As much as 0.4 per cent 
lead has been found in melts made commerically in 
allegedly “clean” furnaces that resulted in badly 
cracked castings. 

Melt floor supervision to impress the necessity of 
careful handling and keep leaded or contaminated 
scrap out of these melts generally pays dividends in 
high strength, sound, quality castings that will meet 
specifications. 

The addition of scrap to cool ladle metal is always 
poor economy in producing high grade alloy cast- 
ings. One piece of leaded scrap, that looks the same 
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to the average melter, can easily ruin a melt and sub- 
sequent castings for a few minutes saved. 


Conclusions 


1. A 12 per cent nickel-copper alloy containing 
1.5 per cent aluminum, | per cent manganese, 0.6 
per cent iron deoxidized with 0.05 per cent each of 
phosphorus, titanium and calcium (as calcium sili- 
con), will have a tensile strength of 95,000 psi. It 
will be suitable for pressure and structural castings 
for use under severe marine corrosion conditions. 

2. A 12 per cent nickel-copper alloy containing | 
per cent manganese and 1.2 per cent iron will have 
a tensile strength of 45,000 psi, and is suitable for 
pressure castings. 

3. Corrosion tests in sea water show these alloys 
to be superior to the commonly used bronzes. 

4. Ample gating and risering practice along with 
nonturbulent handling of the metal are necessary 
with the aluminum containing alloy to produce sound 
pressure tight castings. 

5. Lead has been found to lower the mechanical 
properties as much as 30 per cent. Lead should be 
kept out of all silicon deoxidized bronzes. This is 


577 


due to hot shortness and cracking in the castings 
when 0.1 per cent or over is present. 

6. High strengths of the order obtainable only in 
specially alloyed bronzes, or in the heat treatable 
bronzes, can be produced in the as-cast condition with 
the aluminum containing alloy. 
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THE INFLUENCE OF VIBRATION ON SOLIDIFYING METALS 


A. H. Freedman* and J. F. Wallace** 


ABSTRACT 

Sixty cycle per sec vibrations from an _ electro- 
magnetic source, and 20 kilocycle vibrations from a 
magnetostrictive generator, were applied to solidifying 
melts of various aluminum and copper base. alloys. 
These vibrations exerted the following effects: 

1. markedly improved the tensile properties and re- 
fined the grain size of yellow brass and non-grain re- 
fined alurnainum—4.5 per. cent copper alloy; 

2. slightly improved the tensile properties and re- 
fined the grain size of grain refined aluminum—4.5 per 
cent copper alloy; 

3. refined the eutectic cell structure but coarsened 
the eutectic constituents of aluminum—12 per cent 
silicon alloy; 

4. did not alter the structure or properties of high 
strength yellow brass. 

A hypothesis has been offered to explain all of these 
observed influences of applied vibrations. 


Introduction 


The casting process offers many advantages. Real- 
ization of the full potential of casting is sometimes 
prevented by the effect. on the properties of the 
segregation, and grain coarsening during solidification. 
It is reported that vibrational energy applied to solid- 
ifying metals can reduce the effect of this segrega- 
tion, promote grain refinement, and improve the 
mechanical properties under certain conditions. 

Schmid and Roll! found that vibration, applied 
during solidification, promoted grain refinement in 
bismuth alloys. Jones? determined that ultrasonic 
vibrations produced grain refinement in solidifying 
magnesium and zinc. Richards and Rostoker® studied 
the effect of sonic vibrations on the solidification 
, of aluminum alloys. They reported that the amount 
of grain refinement was dependent upon energy 
intensity up to about 4 G’s acceleration, and virtually 
independent of frequency in the range of 60 to 1500 
‘cycles per sec. 

It was also noted that the grain refining effect of 
the vibratory energy occurred during actual solidifica- 
tion, and the application of vibration to the melt 
above liquidus did not influence final structure. 

Hinchliff and Jones* applied sonic vibrations to 
the solidification of a ferrous alloy cast into invest- 
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ment molds. The vibration treatment produced a 
smaller, more equi-axed structure with considerable 
improvement in the mechanical properties. 

The grain refining effect of vibratory energy has 
been well established but little information is avail- 
able on the correlation of this effect with the me- 
chanical properties resulting from the treatment. A 
slight improvement in ductility and no change in 
strength has been reported for aluminum-copper al- 
loys. A series of experiments were conducted to de- 
termine the effects of sonic and ultrasonic vibrational 
energy, applied during solidification, on the struc- 
ture and mechanical properties of several conven- 
tional copper and aluminum foundry alloys. An at- 
tempt has also been made to investigate the mech- 
anism by which such phenomena are produced. 


Material and Procedure 

The alloys employed in the vibration studies were 
aluminum — 4.5 per cent copper with and without 
grain refiners; aluminum — 12 per cent silicon, yellow 
brass, and high strength yellow brass (manganese 
bronze). The analysis of each of the alloys is listed 
in Table 1. All of these alloys were vibrated at 60 
cycles per sec. The aluminum-copper alloys and yellow 
brass were also subjected to ultrasonic vibrations of 
20 kilocycles per sec. 

Each vibrated ingot was accompanied by an un- 
vibrated control ingot cast under similar conditions. 
The types of ingots cast, pouring and mold tempera- 
tures, chilling of the ingot, and frequency of vibra- 
tion are listed in Table 2. 

The aluminum alloys were melted in a gas-fired 
crucible furnace using a separate, removable, clay- 
graphite crucible for each alloy. The high strength 
and regular yellow brass were melted in a high fre- 
quency induction furnace with a clay-graphite cru- 
cible. Approximately 10 lb heats of the aluminum 
alloys and 30 Ib heats of the two copper alloys were 
individually melted for each ingot. The aluminum 
alloys were degassed with chlorine, and the efficiency 
of the treatment judged by the reduced pressure test.* 
The brasses were degassed by flaring. 

The ingot mold consisted of a slightly tapered steel 
tube, 8-in. in length and 4.5-in. inside diameter with 
a .25-in. wall thickness. It was welded to a steel base 
plate that contained a hollow cooling chamber. Water 
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or compressed air could be circulated through this 
chamber to provide a chill effect. The walls of the 
mold were sprayed with an insulating material. Be- 
fore casting, the mold was preheated by a gas burner 
to remove moisture and attain the preheat tempera- 
ture listed in Table 2. 

The 60 cycle, low frequency vibrations were ap- } 
plied by rigidly bolting the mold to the top surface, 
of a 60 cycle per sec electromagnetic vibrator. The 
mold was purged with nitrogen, and the vibrator 
started prior to casting the ingot. A layer of ver- 
miculite was placed over the molten metal immedi- 
ately after pouring and the vibration continued at 
the desired intensity level until the ingot solidified. 

A 20 kc, 110 watt magnetostriction generator was 
employed for treating the solidifying alloys with ul- 
trasonic vibrations. This higher frequency equipment 
required the submersion of a metal coupler below 
the surface of the melt to transmit the vibrations. 
It was necessary that this coupler be wet by the | 
molten metal in order to obtain appreciable vibra- 
tional energy in the melt. 

The moiten metal was poured into the mold, the 
preheated coupler immersed into the melt, and a 
layer of vermiculite placed over the metal. Vibration 
was continued until the ingot solidified. A titanium 
bar was employed as the coupler for treating the 
aluminum;® an inconel bar was utilized for vibrating 
the yellow brass. 

Each ingot was sectioned vertically for metallo- 
graphic, tensile, and density measurements. One-half 
of each ingot was finish machined for macro-etching. 
Three 0.212-in. diameter tensile specimens and one 
density coupon were machined from the other half of 
the ingot. 

One test bar was removed from the center line and 
one from midway between the center line and each 
outside surface, approximately 2-in. from the bottom 
of the ingot. The aluminum bars were solution 
treated at 960F and aged at 340F for 3 hr before 
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TABLE | — CHEMICAL COMPOSITION OF ALLOYS 





Al-4.5% Cu Al-4.5% Cu 
alloy ~ alloy 
containing free of 

grain grain Al-12% Si Yellow Manganese 

refiners refiners alloy Brass Bronze 
Cu 4.18 4.12 56 63.53 60.59 
Al balance balance 5.46 
Si 93 12.03 
Fe 53 71 46 3.00 
Mn 01 All 4.07 
Zn 04 33 balance balance 
Mg trace .08 
Ni trace trace .26 trace 
Ti 09 
Sn 93 nil 
Pb 2.12 nil 
Sb 05 








the center line of the ingot approximately 1-in. 
from the bottom. Density was determined by weigh- 
ing the coupon in air and water. The face of the 
density coupon was employed for grain size 
measurement. 


Results and Discussion 


The test results demonstrate the influence of vibra- 
tion on grain size and mechanical properties. The 
average results obtained from these tests are shown in 
Table 3. Sixty cycle vibration produced little alter- 
ation in the grain size or mechanical properties of 
the Al - 4.5 per cent Cu alloy with grain refiners. 
Twenty kc vibrations appear to have refined the 
grain of this alloy considerably and improved the 
strength, hardness, and ductility to some extent. 

The macro and microstructure of the vibrated 
and unvibrated control ingots for 60 cycle and 20 kc 
vibrations are shown in Fig. 1 and 2. The generally 
better strength and ductility of the ingot vibrated at 
60 cycles, and this unvibrated control ingot compared 
to the 20 kc cycle vibrated and control ingot, can be 
attributed to the faster rate of solidification of the 
former. 

The ultrasonically vibrated ingot and its control 


testing. 


The copper base alloys were tested in the 
cast” condition. The density coupon was cut from 


“as ingot were cast in a pre-heated, air-chilled mold, but 


TABLE 2 — CastinG ConpbiITIONsS FOR INGOTS 


the ingots in the 60 cycle investigation were poured 





Alloy 


Mold 


‘Temperature 


Pouring 
Temperature 


Mold Chilling 
Fluid 


Vibration 
Conditions 





Al-4.5% Cu 
with grain 
refiners 
Al-4.5% Cu 
with grain 
refiners 
Al-4.5%, Cu 
without grain 
refiners 


Al-12% Si 


Yellow 
Brass 


Yellow 
Brass 


High Strength 
Yellow Brass 


Room Temp. 
Room Temp. 


1100 F 
1100 


1100 
1100 
1100 


Room Temp. 
Room Temp. 


Room Temp. 
Room Temp. 


1700 
1700 


1100 
1100 


1325 F 
1325 


1340 
1330 


1350 
1350 
1350 


1330 
1330 


1930 
1930 


1850 
1850 


1940 
1940 


water 
water 


compressed air 
compressed air 


none 
none 
none 


none 
none 


water 
water 


none 
none 


none 
none 


no vibrations 
60 cycle 


no vibrations 
20 ke 


no vibrations 
60 cycle 
20 kc 


no vibrations 
60 cycle 


no vibrations 
60 cycle 


no vibrations 


20 ke 


no vibrations 
60 cycle 
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into a cold, water-chilled mold. The slower rate of 
solidification of the ingot vibrated at 20 kc was de- 
sirable to allow time for manipulating the magneto- 
striction transducer. 

Walther, Adams, and Taylor? have shown that the 
mechanical properties of aluminum alloys are 
markedly influenced by the rate of solidification. The 
ingots cast in the air-chilled mold solidified in ap- 
proximately 13-min compared to a 3-min solidifica- 
tion time for the ingots cast in a water-chilled mold. 

The increase in grain refinement and improvement 
of mechanical properties obtained with ultrasonic 
treatment of Al - 4.5 per cent Cu appeared to be the 
result of the higher energy intensity applied by the 
magnetostrictor and not the higher frequency or 
longer period of vibration. Richards and Rostoker® 
have shown that the grain refining effect in Al - 4.5 
per cent Cu was primarily dependent upon energy 
intensity and almost independent of frequency. Com- 
putations indicate that considerably more energy was 
introduced into the melt by the ultrasonic trans- 
ducer than the 60 cycle vibrator. 

However, even at this higher energy level the grain 
refinement was moderate, and the improvement in 
mechanical properties is relatively small. 

The results obtained on the grain refined Al - 
4.5 per cent Cu alloy may well have been masked by 
the effect of grain refiners. The investigation was 
therefore conducted on an Al - 4.5 per cent Cu alloy 
containing no appreciable amounts of grain refiners. 

{The effect of vibration proved to be considerably 
‘greater in the non-refined alloy. The influence of 
this vibration is clearly shown by the macro and 
microstructures of the various ingots contained in 
Fig. 3, and the mechanical properties shown in 
Table 3. 

The metallographic and mechanical test results 
clearly indicate that both the 60 cycle and 20 kc 
vibrations produced an effective grain refinement, 
and accompanying improvement in properties over 
the unvibrated control ingot. The 20 kc vibrations 
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strength and ductility than the lower, 60 cycle 
vibration. 

The 20 kc vibrations decreased the grain size by 
58 per cent and increased the tensile strength by 36 
per cent and the reduction in area by 40 per cent 
The 60 cycle vibration treatment refined the grain 
50 per cent but only improved the tensile strength 
approximately 9 per cent and the reduction in area 
by 26 per cent. These results represent average fig- 
ures based on the mechanical properties determined 
from three tests on each of three sets of ingots. 

The above tests indicate the effects of vibrations 
on the mechanical properties of an Al - 4.5 per cent 
Cu aHoy are substantial only when the alloy does 
not contain grain refiners, The improvement in 
strength and ductility produced by vibration of the 
unrefined Al - 4.5 per cent Cu alloy is not of great 
commercial significance. Aluminum alloys may be 
easily grain refined by additions of titanium (car- 
bide) and boron. 

The application of 60 cycle vibration to solidify- 
ing yellow brass was observed to exert a considerable 
influence on the grain size and tensile properties. 
The metallographic structures and mechanical test 
results of the unvibrated control ingot and 60 cycle 
vibrated ingot of this material are shown in Fig. 4 
and Table 3. 

The macrostructures clearly indicate that the vibra- 
tion treatment produced a reduction in average 
grain diameter of 95 per cent and greatly reduced 
the length of the columnar dendrites. The columnar 
dendrites which do appear on the outside surface 
of this ingot were probably the result of the rapid 
chilling in this zone. 

The 60 cycle vibrational energy increased the ten- 
sile and yield strengths of yellow brass by approxi- 
mately 24 per cent with no significant change in 
ductility. This improvement appears to be directly 
the result of the grain refinement. 


The application of vibrations to solidifying brass 


again produced increased refinement and _ better offers district commercial possibilities since this metal 


TABLE 3— AVERAGE PROPERTIES OF VIBRATED AND UNVIBRATED CAst INGOTS 





Reduction 
In Area 


Tensile Yield* 

Strength Strength 
35,100 psi 29,700 psi 5.9%, 8.2% 57 BHN 
36,000 29,300 6.3 8.8 61 


Avg. Grain 
Diameter 


Vibration 


Alloy Conditions Hardness 


Elongation 





no vibration, 60 c 92mm 
3.9 G's acceleration 83 
.021” amplitude 


Al-4.5% Cu 
with grain 
refiners 

no vibration ; 23,800 61 


Al-4.5% Cu : . 
20 kc, 110 watts 26,800 ‘ 5-4 63 


with grain 
refiners 

19,400 S 5. 36 
21,500 3.1 J 41 
26,400 4.4 9. 43 
Yellow no vibration 2: 31,100 : 46 
Brass 60 c, 3.5 G’s, .019” 38,800 . 52 


28,200 5 44 
45 


no vibration 
60 c, 3.5 G's, .018” 
20 kc, 110 watts 


Al-4.5% Cu 
without grain 
refiners 


Yellow no vibration Yi 
Brass 20 kc, 110 watts . 30,100 


High 

Strength no vibration 
Yellow 60 c, 3.5 G's, .019” 
Brass 

* 2%, offset 


122,500 
123,300 
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is not readily susceptible to the action of grain re- 
finers. The mechanical and cold forming properties 
of yellow brass, and in fact the entire group of copper- 
zinc alloys which solidify as a single solid solution, 
are highly sensitive to grain size. 

Brass cast by conventional methods usually solidi- 
fies with a coarse-grained columnar dendrite struc- 
ture with considerably lower strength than similar 
fine grained material. Low frequency vibrations can 
be applied by simple and inexpensive equipment, 
however the large vibration amplitudes of low fre- 
quency vibrators limit their use to permanent or pos- 
sibly strong investment molds since sand molds would 
probably shatter. Ultrasonic vibrations appear to offer 
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possibilities for treatment of brass solidifying in a 
sand mold because of the lower vibration amplitudes. 

In order to determine the influence of higher 
frequency vibrations on this metal, a yellow brass 
ingot was solidified under 20 kc vibrations and com- 
pared to an unvibrated contro] ingot. The macrostruc- 
tures of these ingots are shown in Fig. 5. The macro- 
structure of the vibrated ingot demonstrates a dis- 
tinct decrease in grain size and length of columnar 
dendrites. However, the most grain refinement was 
produced in the center of the ingot, closest to the 
vibrating coupler. This indicates that either insuf- 
ficient energy was transmitted to the melt or the 
brass absorbed this energy to a considerable extent. 


Fig. 1 — Metallographic structure of grain refined aluminum—4.5 per cent copper alloy—60 cycle vibration. Top—etched 
macrostructure .6X; Bottom—Etched microstructure 100X. Lett—Vibrated, Right—-Unvibrated. 
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Higher power equipment was not available at this 
time to investigate this phase further, but, it is evident 
from the limited mechanical test results contained in 
Table 3 that the strength could be improved by 
this grain refinement. 

Two sets of high strength yellow brass (manganese 
bronze) ingots were cast to determine the effect of 60 
cycle vibrations on the mechanical properties of this 
alloy. The metallographic structure of these ingots is 
shown in Fig. 6. 

Examination of these structures shows no observable 
changes in the macro or microstructures as a result 
of the vibration. Both vibrated and unvibrated ingots 
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exhibited a relatively fine grained structure withou: 
columnar dendrites. Apparently, this more complex 
metal solidified by a different mechanism than the 
single solid solution aluminum-copper and copper-zinc 
alloys previously investigated. Therefore, it was not 
effectively refined by vibration. As would be antici 
pated from the metallographic structure, the applica 
tion of vibrations failed to exert any significant in 
fluence on the mechanical properties shown in 
Table 3. 

The density determinations did not show any sig- 
nificant effect of applied vibrations of either 60 cycles 
or 20 kilocycles. 


Fig. 2 — Metallographic structure of grain refined aluminum—4.5 per cent copper alloy—20 kilocycle vibration. Top—Etched 


macrostructure .6X; Bottom—Etched microstructure 100X. Left—Vibrated, Right—Unvibrated. 
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Mechanism of Grain Refinement 

The mechanism by which vibrational energy can 
produce this grain refinement and improvement in 
mechanical properties is an interesting subject for 
analysis and hypothesis. It has been proposed® that 
the grain refining effects of vibration were produced 
by fragmentation of primary crystallites, thereby pro-| 
viding an artificial source of stable nuclei. 

Other investigations,? however, noted that certain 
primary solids, notably Si plates and FeAl, needles 
in aluminum, and graphite flakes in cast iron were 
actually coarsened by the action of vibration. The 
coarsening effects observed are difficult to reconcile 
with the fragmentation theory, especially since the 
crystallization products coarsened were significantly 
more brittle than those refined. It has been recently 
hypothesized® that the number of stable nuclei is in- 


are Ded - 
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{creased by the peculiar dependence of the rate of 


embryo formation on the embryo size. 

On the basis ef this work, however, a new hypoth- 
esis is offered that appears to be both direct and in 
agreement with all observed phenomena. Specific vol- 
ume of the solid is lower than the liquid in these 
solidifying systems. The Le Chatelier principle would 
predict that the pressure wave of vibration would tend 
to promote the solid state, or decrease the diameter 
of the critical stable nucleus size during solidfication. 

Since the pressure and rarefraction waves are equal 
and opposite, the number of stable’ nuclei would be 
increased if the stable nuclei grew rapidly enough 
during the pressure wave to be stable during the 
following rarefraction wave. The diameter of a stable 
nucleus would also be decreased, without the neces- 
sity for rapid growth of the nuclei, if a standing wave 
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Fig. 3 — Metallographic structure of non-grain refined aluminum—4.5 per cent copper alloy—60 cycle and 20 kilocycle vibra- 
tions. Top—Etched macrostructure .4X; Bottom—Etched microstructure 45X. Left—Vibrated—60C, Middle—Vibrated—20KC, 


Right—Unvibrated. 
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pattern were established in the melt. The influence 


of vibrational waves on the plot of embryo radius 


versus change in free energy is shown graphically 
Fig. 7.° 
It is evident from an analysis of this plot that the 


| stable or critical nucleus size is decreased by increas- 


‘ing pressure, and increased by decreasing pressure. 
Either rapid growth of the stable nuclei formed in 
the pressure wave in a random wave system, or the 
establishment of a standing wave system can account 
for the effect of vibration on nucleation. 

The application of vibrations can, therefore, result 
in an increase of the number of stable nuclei existing 
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immediately ahead of the advancing wave of dendrites 


(in a solidifying solid solution system. Vibrations can 


produce a considerable grain refinement of such a 


‘system. This effect is shown schematically in Fig. 8. 


The stable nuclei are formed in the uniform liquid 
metal solution immediately adjacent to the high sol 
ute liquid areas surrounding the dendrites. The mech- 
anism of growth occurs throughout the liquid as soon 
as the temperature drops appreciably below the 
liquidus and produces a fine-grained, equi-axed struc 
ture instead of the large, columnar dendrites. 

This hypothesis demonstrates that applied vibra 
tions assist the liquid-solid metal solidifying system 


Fig. 4 — Metallographic structure of yellow brass—60 cycle vibration. Top—Etched macrostructure .6X, Bottom—Etched micro- 
structure 50X. Left—Vibrated, Right—Unvibrated. 
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in approaching the equilibrium state and has been 
suggested by other investigators.? The results of both 
60 cycle and 20 kc vibrations applied to the aluminum 
and copper base alloys clearly show the effect of 
vibrations on metals solidifying as single phase solid 
solutions. 

The effect of vibration on the solidification of a 
eutectic alloy is considerably different than a solid 
solution alloy. This is because of the difference in 
mode of solidification. However, the hypothesis of- 
fered also can explain this effect. 

A eutectic liquid experiences some difficulty in 
forming stable nuclei of the proper mixture of the 
eutectic constituents from which the solidification of 
the cells or grains of eutectic can proceed. Liquid 
metal of a eutectic composition has been observed to 
undercool considerably below the eutectic tempera- 
ture. This is because of the delay involved in forming 
stable nuclei of the proper composition. 

After appreciable undercooling, stable eutectic 
cells will be nucleated. Because of the high energy 
accompanying the liquid to solid phase change pro- 
duced by the undercooling, growth of these cells and 
of the solid constituents contained in these cells will 
be very rapid. A eutectic solidification consists of the 
nucleation and growth of both the eutectic cells and 
the individual eutectic constituents in these cells. Un- 
dercooling results from a paucity of stable cell 
nuclei. However, when these stable nuclei finally 
appear, the growth of the cell and nucleation and 
growth of the eutectic constituents within the cell 
is very rapid, as shown schematically in Fig. 9a. 
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This undercooling and subsequent rapid growth 
of the solid eytectic cells produces a structure that 
has fine eutectic constituents (because of their rapid 
growth) and relatively few eutectic cells. However, 
the application of vibrational energy during solidifi- 
cation increases the number of stable cell nuclei, 
reduces undercooling, and produces a much finer 
eutectic cell structure. 

Under these conditions, the nucleation rate of the 
actual eutectic constituents is much slower. This is 
because they exist at a temperature close to the 
equilibrium eutectic temperature. The growth of 
those nuclei of the eutéctic constituents that are 
formed is rapid since the time-temperature conditions 
favor diffusion and growth. The higher temperature 
at which the eutectic grows during vibration is the 
result of the absence of appreciable undercooling, 
and the rapid heating of the metal surrounding the 
more closely packed eutectic cells. 

The volume of metal surrounding each eutectic 
cell is increased in temperature by the heat of fusion 
associated with the stable nucleation and growth of 
these cells. This produces the coarser structure of 
eutectic constituents but finer cellular structure 
shown in Fig. 9b. 

A series of Al - 12 per cent Si ingots were cast to 
illustrate the coarsening effects of 60 cycle vibrations 
on the structure of a eutectic alloy as predicted by 
this hypothesis. The microstructures of the vibrated 
and unvibrated control ingot are shown in Fig. 10. 
The vibrated ingot exhibited a finer cell structure, 
but coarser eutectic constituents than the unvibrated 


Fig. 5— Etched macrostructure of yellow brass—20 kilocycle vibration. .6X. Left-——-Vibrated, Right—Unvibrated. 
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Fig. 7 — (Above) Effect of pressure changes on free energy 
and size of critical stable nucleus (Richards and Rostoker). 


Fig. 8 — (Right) Solidification in a solid solution alloy. 
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control ingot. Cooling curves were also taken which dendrites associated with single phase, solid solution 
showed that the 60 cycle vibration treatment de- solidification. 

creased the amount of undercooling by approxi- It is suggested that two or more solid solutions 
mately 6C. solidify simultaneously in this metal, and that the 


The failure of high-strength yellow brass to be in- 
fluenced by applied vibration is believed due to the 
mode of solidification of this material. The large ob- 
servable shrinkage that occurs with this alloy indi- 
cates that it solidifies with a solid-mold wall. How- 
ever, Fig. 6 does not show the usual large columnar 


a. NO VIBRATION 








© — EUTECTIC CENTER OF CELL GROWTH 
———w DISTANCE OF CELL GROWTH 


b. VIBRATION 





Fig. 10— Etched microstructure of aluminum—I12 per cent 
silicon alloy—60 cycle vibration. 100X. Top—Vibrated, 


Fig. 9 — Schematic representation of coarsening effect pro- 
Bottom—Unvibrated. 


duced by vibration of an eutectic alloy during solidification. 
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rate of nucleation is sufficiently rapid. Once the 
liquidus temperature is attained it is not appreciably 
affected by vibration. 


Summary 

The effect of vibration on the structure and tensile 
properties, when applied to solidifying melts of var- 
ious aluminum and copper base alloys was de- 
termined. Vibrations of 60 cycle frequency from a mag- 
netic vibrator, and 20 kilocycles frequency from a 
magnetostrictive generator, were utilized as sources 
of vibration, Vibrations refined the grain size mark- 
edly and improved the strength of alloys that solidi- 
fied as single phase solid solutions such as aluminum- 
4.5 per cent copper without grain refiners and yellow 
brass. ; 

The higher frequency (20 kilocycle) vibrations were 
more effective than the lower, 60 cycle frequency. 
The addition of grain refiners to the aluminum - 
4.5 per cent copper alloy greatly reduced the in- 
fluence of applied vibrations. An alloy which solidi- 
fied as a eutectic, such as aluminum - 12 per cent 
silicon, was differently affected by vibrations since 
the eutectic cells were refined but the individual 
eutectic constituents coarsened. 

High strength yellow brass did not solidify either 
as columnar dendrites or a eutectic, and was not 
influenced by applied vibration during solidification. 


A hypothesis has been advanced to explain the 
mechanism of the effect of vibration on solidifying 
metal. This theory explains the phenomena observed 
in this investigation by describing the influence of 
vibration as that of decreasing the size of stable 
nuclei during solidification. 
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DISCUSSION 


Chairman: W. D. WaLruer, Dayton Steel Foundry Co., Dayton 
Ohio 

Jostan W. Jones! (Written Discussion): Two distinct methods 
of applying the effect of vibration to liquid metal during the 
casting process must be recognized in this paper. 

1. Applying the vibration to the surface of the liquid meta! 

with a coupler below the surface. 

2. Vibrating the mold and metal from below. 

The first method has always been associated with high fre 
quency in application to the liquid metal before pouring. 
Workers suggest that the effect is always to produce degassifica- 
tion and a refined grain. 

In this paper this method and type of vibration is apparent! 
applied to the metal in the mold and has its effect during solidi 
fication. but unfortunately there is no detail how or when this 
vibration began. Some metal must have been in the mold before 
the vibration began. It would be most likely that some static 
solidification had begun in this metal. Some loss of time in 
manipulating the transducer is reported and further details 
would be welcome. 

The writer believes that the second method of vibration of the 
whole mold from the bottom at subsonic frequency before and 
during pouring and solidification was first carried out in his 
laboratories. Reference is made to this method by the authors. 
There is another report (C. of Ae. Report No. 91 “The effect of 
vibrations during the period of solidification on the mechanical 
properties of castings of gas turbine materials” by Jerzy Jagaciak, 
D.C.Ae. and Josiah W. Jones, M.Sc., F.I.M., A.F.R.Ae.S.) which 
confirms the conclusions of the first report for H. R. Crown Max. 
It also extends the conclusions to Nimonic 75. 

The writer has since extended experiments to zinc, aluminium, 
magnesium, and copper. He believes that a critical subsonic 
vibration during solidification may refine the grain and improve 
both tensile strength, elongation and impact value for all metals. 
There are however overriding critical conditions of control which 
must be known to make the effect useful for each metal and 
alloy. 

It is a pleasure to read in this paper that the authors have 
extended experiments to other industrial alloys. The authors 
say that the effect does not extend to high strength brass. Is 
this conclusion quite justified? 

The prints of the macrostructures produce little detail. It 
would seem that the macrostructure of the alloy cast under 
these conditions has a fine uniform structure in the unvibrated 
conditions, and that there is little expectation of improvement. 
A classification of coarse and fine grain would certainly put the 
vibrated structure into the fine class. There is a significant im- 
provement in both yield strength and elongation for the vibrated 
casting. 

In the published work of the writer the conclusions are drawn 
from thin castings of diameters less than 14-in. In these castings 
the refinement of grain was uniform over the whole section. Test 
pieces were representative of the whole casting. Later unpub- 
lished work has shown that in castings of up to 3 in. in diameter 
it is common to find that refinement is limited to slower rates 
of cooling towards the center of the casting. Also, that the larger 
columnar crystals exist at the outside edges. In such a structure 
the position of test pieces must be correlated with the micro- 
structure and mechanical properties also, since they will vary 
considerably. 

This effect of the vibration on the microstructure would appear 
to have been experienced by the authors but they do not com- 
ment on it or, and this omission is serious, say where the test 
pieces were taken from. It is assumed that all the standard cast- 
ings were treated in the same manner, so the data bear some 
relationship. The authors make no suggestion that the casting 
temperatures and frequencies were the best for optimum effects 
but both are critical especially, in the writer’s experience, the 
casting temperature. 

The theoretical conclusions of the authors on the mechanism 
are helpful in explaining the microstructure. Some attention 
must be given to the fact that the making up of the liquid will 
promote chemical diffusion. The writer finds that the vibrated 
structure shows much less coring and so tends towards chemical 
equilibrium. This effect would support the reasons suggested by 
the authors for the production of the coarse eutectic structure, 
i.e. that it is a move towards equilibrium. 


1. Senior Lecturer, Materials and Metallurgy Section, The College of 
Aeronautics, Cranfield, England. 
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The paper is a valuable contribution to our knowledge of this 
most important subject of producing castings with better 
mechanical properties. However, the detailed conclusions of the 
paper should be limited to the experimental conditions of the 
work. 

An important general conclusion is that vibration of the metal 
during solidification refines the grain and improves mechanical 
properties of several industrial alloys, and that the effect is super- 
imposed on other grain refining processes. 

Messrs. FREEDMAN AND WALLACE (Written Reply): The authors 
are grateful for the discussion and added information submitted 
by Mr. Jones. It is correct that some static solidification probably 
occurred in the ingots solidified under ultrasonic vibrations 
transmitted by an immersed coupler. The mold was filled with 
molten metal and then the preheated, vibrating coupler was 
immediately immersed in the molten metal. 

However, the data recorded in Table 2 indicate that the mold 
temperatures employed for the ultrasonic vibration tests were 
close to the melting points of the alloys inve'ved. This un- 
doubtedly minimized the amount of static solidification. Obvious- 
ly, if the alloys had been poured into a cold mold, a considerable 
amount of solidification would have occurred before the vibrat- 
ing energy was introduced. 

The metallographic structures and mechanical properties of the 
vibrated and unvibrated ingots of high strength yellow brass 
appeared to show little difference. The slight increase in me- 
chanical properties and decrease in grain size was considered to 
be within the limits of experimental error and therefore not 
significant. 

The area of the ingots from which the tensile bars were taken 
is described under the Procedure of this paper. In some cases 
it was necessary to modify this procedure slightly to insure that 
the test bars were removed from an equi-axed area of the ingot. 

J. L. Wacker? (Written Discussion): 1. What effects are pro- 
duced by vibrating pure metals during solidification? 

2. The theory advanced in this paper attributed the grain 
refinement of the solid solution alloys studied to a decrease in 
the size of the critica] stable nucleus during the pressure wave 
of vibration. What is the effect of pressure on critical stable 


2, General Electric Research Laboratory, Schenectady, N. Y. 
3. Morris Bean and Co., Yellow Springs, Ohio. 
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nucleus size and what pressures were attained in the vibration 
studies? 

MEssrs. FREEDMAN AND WALLACE (Written Reply): In reply to 
the questions raised by Mr. Walker, the following comments 
are submitted: 

1. The literature contains a number of papers on the effects 
of vibration on the solidification of pure metals. Jones (reference 
no. 2 of this paper) applied ultrasonic vibrations to pure zinc 
and magnesium ingots to produce a distinct grain refinement. 
Schmid and Roll (reference no. 1) produced grain refinement in 
pure bismuth by vibration. It is interesting to note that the 
zinc and magnesium shrink in cooling from the liquid to solid 
state while bismuth expands during solidification. This effect 
may be explained by the theory proposed in this paper. 

2. The authors are unable at the present time to express 
quantitatively the effect of pressure on the size of the critical 
stable nucleus. This may be expressed only in a qualitative man- 
ner employing the Le Chatelier principle as discussed in the 
theory and shown schematically in Fig. 7 of this paper. Actual 
calculation of the pressures obtained in the alloys treated in 
this investigation is quite difficult because of the acoustical 
attenuation involved in transmitting the vibratory energy from 
the transducer to the melt, and the variation in attenuation in 
different molten metals. 

Rocer H. Kern’ (Written Discussion): The study described 
involved two frequencies of vibration. However, the 60 cycle 
vibration was a linear vibration and the 20 Ke vibration in- 
volved actual rearrangement of the metal due to the displace- 
ment of metal as the magnetostrictive element vibrated. The 
Tables presented with the paper have emphasized the frequency 
of vibration but not the type. What effect does the type of vibra- 
tion have on the results obtained? 

MEssrs. FREEDMAN AND WALLACE (Written Reply): It is the 
opinion of the authors that although two widely different 
methods of vibration were employed in this investigation, there 
were no fundamental differences in the results obtained because 
of these different methods. A displacement of molten metal due 
to the displacement of the vibrating coupler is virtually non- 
existent because in this case the vibration amplitude is 0.001-in. 
or smaller. The overall volume of the vibrating coupler does not 
change appreciably. 








TIN AS AN ALLOY IN GRAY CAST IRON 


By 


J. A. Davis,* D. E. Krause,** and H. W. Lownie, Jr.* 


Tin has in the past been almost universally re- 
garded as an undesirable element in iron and steel. 
It has long been considered to have an inherent 
embrittling effect on gray cast iron. 

Recent research by DeSy and Faulon! has sug- 
gested that the carbide-stabilizing effect of tin in 
gray iron can be used to advantage. The new re- 
search reported here has shown that, by using tin 
judiciously, it is possible to promote fully pearlitic 
matrix microstructures in gray iron with a high de- 
gree of predictability and control. The pearlitic mi- 
crostructure is highly desirable for many applications, 
especially those involving high resistance to wear 
combined with a need for good machinability. 

Although the general effect of tin on the micro- 
structure of gray iron has been established previously, 
little use has been made of tin as an alloying element 
in cast iron. The reluctance of the foundry industry 
to use tin as an alloying addition is probably par- 
tially the result of the erroneous belief that tin always 
causes brittleness, and partially the result of lack of 
familiarity with the beneficial effects of tin. 

Information on the actual mechanical properties 
of cast irons containing small amounts of tin is 
needed before maximum use can be made of the 
carbide-stabilizing effects of tin. It was to fill this 
need that the present research was conducted. 


Experimental Procedure 


The effect of tin was determined on the micro- 
structure, and on the common mechanical proper- 
ties of the two common types of gray cast iron. 

The cast irons were melted in an electric induc- 
tion furnace from a charge consisting of pig iron 
and armco iron punchings. Ferromanganese and fer- 
rosilicon were added to the molten cast iron to pro- 
duce the desired composition. This practice gave re- 
sidual contents of 0.001 or 0.003 per cent of tin in 
the base irons. 

Portions of each melt were treated with 0, 0.01, 
0.05, 0.10, 0.25, or 9.50 per cent tin. Tin was added 
as pure tin shot, and recoveries of tin by the iron 
were about 90 per cent. Each alloyed portion of iron 
was inoculated with 0.30 per cent silicon, added as 
ferrosilicon containing 70 per cent silicon. 


*Battelle Memorial Institute, Columbus, Ohio. 
**Gray Iron Research Institute, Columbus, Ohio. 


The late addition of silicon is included in the re- 
ported chemical analysis. The analyses for tin was 
by the wet method.? 

The irons were superheated to 2700 F during melt- 
ing, and the test castings were poured at 2550 F into 
green sand molds. 


Effect of Tin on the Microstructure 
of Cast Iron 

A small addition of tin is a powerful stabilizer of 
pearlite. The optimum amount of tin necessary to 
produce a fully pearlitic microstructure was governed 
by the microstructure of the base iron. 

Figure | shows how the pearlite in the microstruc- 
ture of the hypoeutectic cast iron was increased from 
about 80 per cent to about 100 per cent by the addi- 
tion of 0.10 per cent of tin. Figure 2 shows that 
about 0.5 per cent of tin was required to increase 
the amount of pearlite in the microstructure of a hy- 
pereutectic cast iron from about 50 per cent to about 
100 per cent. 

The microstructures shown in Fig. 1 and 2 were 
obtained in test bars 1.2-in. in diameter. Microstruc- 
tures obtained in test bars either 0.875 in. or 20-in. 
in diameter showed about the same amounts of 
ferrite and pearlite as did the 1.2-in. bars of the same 
composition. 

Alloying additions, such.as chromium or vana- 
dium, are often made to gray irons to stabilize pearl- 
ite. These additions have the undesirable feature 
that small excesses will cause massive iron carbides 
to appear in the microstructure. In contrast to this, 
reasonable excesses of tin did not promote the forma- 
tion of massive iron carbides. For example, a tin 


TABLE | — ErFect oF TIN ON GRAY IRON PROPERTIES 





Automotive-Type General-Purpose 








Hypoeutectic Hypereutectic 
Gray Iron Gray Iron 

Pearlite in Microstructure of 

Base Iron, per cent 80 to 90 50 to 60 
Tensile Strength of Base [ron 

in 1.2-in. Bars, psi 31,500 16,000 
Total Carbon, per cent 3.26 3.65 
Silicon, per cent 2.01 2.44 
Manganese, per cent 0.70 0.47 
Sulfur, per cent 0.087 0.102 
Phosphorus, per cent 0.108 0.079 

57-58 
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Fig. la— 0.001 per cent tin. 


Fig. 1d —0.100 per cent tin. 


Fig. 1b —0.010 per cent tin. 


Fig. le —0.21 per cent tin. 


Fig. 1c — 0.042 per cent tin. 


Fig. 1f —0.44 per cent tin. 


Fig. 1 — Effect of tin on the amount of pearlite in the microstructure of a hypoeutectic gray iron cast in a 1.2-in. diameter 
bar (Base iron composition—C-3.26, Mn-O.70, Si-2.01, P-0.108, S-0.087) 250X. 


addition of 4 or 5 times the optimum amount neces- 
sary to produce a fully pearlitic matrix did not result 
in massive carbides in the microstructures shown 
in Fig. 1. 


Laboratory Study of the Effects of Tin on the 
Mechanical Properties of Gray Iron 


The effects of tin on the mechanical properties 
of the hypoeutectic and the hypereutectic gray irons 
are shown in Fig. 3 and 4. 

The chilling tendency was practically unaffected 
by tin contents up to 0.5 per cent. 


With both irons, the Brinell hardness increased 
with increasing amounts of tin, The tensile strength 
is 1.2-in. bars increased with increasing amounts of 
tin up to about 0.10 per cent. It then leveled off as 
more tin was added. The deflection in the transverse 
test and the impact strength of unmachined 1.2-in. 
bars increased slightly when about 0.01 to 0.05 per 
cent of tin was added, and fell off as still more tin 
was added. 

There was a major difference in the effect of tin 
on the transverse strength of the two irons. The 
transverse strength of the automotive-type hypoeutec- 
tic iron was not affected by the tin content. The 





Fig. 2a— 0.003 per cent tin. 


Fig. 2d — 0.087 per cent tin. 


Fig. 2b — 0.010 per cent tin. 


Fig. 2e — 0.21 per cent tin. 


Tin in Gray Iron 


Fig. 2c — 0.049 per cent tin. 


Fig. 2f—0.47 per cent tin. 


Fig. 2 — Effect of tin on the amount of pearlite in the microstructure of a hypereutectic gray iron cast in a 1.2-in. diameter 
bar. (Base iron composition—C-3.65, Mn-O.47, Si-2.44, P-0.079, S-0.102) 250X. 


transverse strength of the general-purpose hyper- 
eutectic iron was increased markedly up to a tin 
content of 0.1 to 0.2 per cent. 

Because of special interest in the possible embrit- 
tling effect of tin in cast iron, the impact strength 
of tin-bearing irons was investigated in more detail. 
Test bars with as-cast diameters of 2.0, 1.2, and 0.875 
in. were machined to diameters of 1.5, 1.125, and 
0.75 in., respectively. These were tested for impact 
strength in the unnotched condition in a Charpy- 
type test. The results are shown in Fig. 5. 

Impact strengths increased slightly with very small 
amounts of tin, and then decreased gradually with 
increasing amounts of tin. 


Two effects warrant special notice. First, in both 
types of irons and in all three sizes of test bars, the 
impact strength of iron containing 0.1 per cent tin 
was no lower than that of the base iron. Second, no 
deleterious effect of tin upon impact strength was 
experienced until after the tin had substantially elim- 
inated massive ferrite from the microstructure, and 
until tin was added in amounts in excess of those 
needed to produce an essentially pearlitic matrix. 
Tin, then, was embrittling, but only in amounts 
which exceeded those needed to obtain control of 
the microstructure. 

A careful procedure involving the use of electric- 
resistance strain gages was used to study the effect 
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Fig. 3 — Effects of additions of tin on some properties of an automotive-type hypoeutectic gray iron. 
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Fig. 4— Effects of additions of tin on some properties of a general-purpose hypereutectic gray iron. 
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TABLE 2 — CHEMICAL COMPOSITION ON ONE 
ComMMERCIAL Cast IRON 











+P Chemical Composition, per cent 
Bar percent Sn T.C. Si Mn P Ss 
407 0 0.005 3.73 269 058 0477 0.10 
4108 0.05 0.04 3.71 2.74 056 0.463 0.092 
409 0.10 0.07 366 2.77 056 0464 0.088 
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Fig. 5 — Effect of tin content on the impact strength of test 


pieces machined from two types of cast iron. 
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of tin upon the stress-strain relationships in the two 
types of cast iron under study. 

For the automotive-type iron, Fig. 6 shows that 
0.10 per cent of tin increased the modulus of elas- 
ticity by about 5 per cent, increased the tensile 
strength by about 10 per cent, and increased the 
toughness of the iron (the area under the stress- 
strain curve). 

For the soft hypereutectic iron, Fig. 7 shows that 
0.08 per cent of tin lowered the modulus of elasticity 
slightly (but not consistently), increased the tensile 
strength by about 16 per cent, and increased the 
toughness. 

All of these effects on the stress-strain curve were 
small from a commercial viewpoint. 


Effect of Tin on the Microstructure of 
Some Commercial Cast Irons 

As a complement to the laboratory investigation, 
the effect of tin on the microstructure and mechani- 
cal properties of gray iron was also determined in 
several commercial foundries. Additions of tin had 
about the same effect on mechanical properties and 
microstructures of commercial cast irons melted in 
cupolas as was obtained on irons cast and tested in 
the laboratory. 

The effects of additions of tin on the microstruc- 
ture of one commercial cast iron are shown in Fig. 8. 
This iron had the chemical composition shown in 
Table 2. 

The amount of pearlite in the microstructure in- 
creased with increasing amounts of tin. 

The effect of tin upon the amount of pearlite 
in a gray iron is of particular commercial interest. 
It has already been established by much prior re- 
search that a completely pearlitic matrix is highly 
desirable for many applications. This is because of 
its excellent combination of high machinability and 
good resistance to wear. Commercial applications 
which can profit from the beneficial properties of 
a fully pearlitic matrix include piston rings, cylinder 
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Fig. 7 — Ettect of tin content on the stress-strain curves of tensile bars trom a hypereutectic cast iron. 


liners, ways of machine tools, and many other spe- 
cialized parts. 

The current investigation has not included ex- 
periments on the effects of tin upon the wear re- 
sistance or machinability of gray iron. It is planned 
that such studies will be made. 


Effect of Tin on the Microstructure of 
Nodular Cast Irons 


Although this paper is not intended to deal with 
the effect of tin in nodular iron, it is pertinent to 
remark that the effect af tin in nodular iron is sim- 
ilar to its effect in gray iron. Additions of about 
0.05 per cent of tin have been found effective in re- 
moving all traces of ferritic “‘bulls-eye” structures from 
even heavy sections of pearlitic nodular iron. The 
subversive effect of tin on the nodulizing behavior 
was overcome with a small addition of rare earths. 


Fig. 8a — 0.005 per cent tin. 





Fig. 8b — 0.04 per cent tin. 


The result was completely pearlitic matrix structures 
with small well-formed nodules of graphite. 


Summary 


Investigations on cast irons melted in a laboratory 
and on irons melted in cupolas in commercial found- 
ries have shown that additions of tin had a powerful 
stabilizing effect on the pearlite in the microstructure 
of both automotive-type hypoeutectic irons and gen- 
eral-purpose hypereutectic irons. Although the addi- 
tions of tin acted as a powerful stabilizer of pearlite, 
tin did not show the objectionable tendency to pro- 
mote chill depth as exhibited by other alloys com- 
monly used to stabilize pearlite in gray iron. Also on 
the favorable side, a substantial excess of tin did not 
cause massive iron carbides to form in the matrix, 
as is commonly experienced with some other alloying 
additions used to stabilize pearlite. 





Fig. 8c — 0.07 per cent tin. 


Fig. 8— Typical effect of tin on the amount of pearlite in the microstructure of a commercially produced cast iron. (Base 


iron composition—C-3.73, Mu-0.58, Si-2.69, P-0.477, S-0.10) 250X. 
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The optimum amount of tin necessary to produce 
a completely pearlitic microstructure was governed 
by the amount of ferrite in the base iron before the 
tin was added. The mechanical properties of the 
irons were improved slightly with increasing amounts 
of tin up to about 0.05 to 0.10 per cent, and fell off 
slightly at higer tin contents in both types of iron. A 
general-purpose hypereutectic iron still contained a 
small amount of ferrite, but an automotive-type 
hypoeutectic iron was completely pearlitic in this 
range of tin contents. 

In all cases, tin contents of 0.10 per cent or less 
resulted in slightly improved mechanical properties 
without producing any undesirable properties. No 
embrittling effects of tin were found at levels up to 
0.10 per cent, and it is in this range that tin had its 
major beneficial effects upon microstructure and me- 
chanical properties. 

Further research is being conducted on l—a direct 
comparison of the effects of tin with the effects of 
several common carbide-stabilizing additions, 2—the ef- 
fect of tin on machinability, and 3—the effect of tin 
on the properties of commercial castings where con- 
trol of the amount of pearlite is important. The re- 
sults of this additional research will be reported 
later. 
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DISCUSSION 


Chairman: R. A. FLINN, University of Michigan, Ann Arbor, 
Mich. = 

W. Levi! (Written Discussion): The authors are to be con- 
gratulated on their contribution to our knowledge of cast iron 
metallurgy, and the thorough manner in which they have studied 
mechanical properties as effected by additions of tin. 

The principal criticisth of the paper from a practical viewpoint 
involves the rather unusual nature of the irons selected for study 
and discussion. The hypoeutectic gray iron with carbon equiva- 
lent? of 3.96 per cent is reported to have tensile strength of 
31,500 psi, hardness of about 196 Brinell, 80-90 per cent pearlite 
in the microstructure, and tensile-Brinell ratio of 161. McElwee 
and Schneidewind’ would approximate the properties of such an 
iron at tensile strength of 35,000 psi and hardness 205 Brinell 
(both of which values might be considered reasonably close to 
those found in the authors’ hypoeutectic iron) , but would expect 
substantially 100 per cent pearlite in the microstructure. 

Commercial cupola melted gray irons with carbon equivalents 
ranging from 4.05 to 4.20 per cent produced in one of our 
foundries have tensile strengths of about 40,000 psi, hardness in 
the range of 207-217 Brinell, tensile-Brinell ratio of about 195, 
and substantially 100 per cent pearlite in the microstructure. 

The general-purpose hypereutectic gray iron in the paper with 
carbon equivalent? of 4.48 per cent is reported to have tensile 
strength of 16,000 psi, hardness about 130 Brinell, tensile-Brinell 
ratio of 123 and 50-60 per cent pearlite in the microstructure. 
McElwee and Schneidewind’ would approximate this iron at 
26,000 psi, hardness of 172 Brinell and about 80 per cent pearlite 
in the microstructure. 

The manganese content of 0.47 per cent along with 0.102 per 
cent sulfur in the hypereutectic iron appears to be at a rather 
low level. It does not quite satisfy the “Manganese = (1.7  %, S) 
+ 0.35%” requirement. Raising the manganese to the 0.70-0.90 
per cent range commonly used in gray irons would probably in- 
crease the amount of pearlite in the microstructure. The unusual 
properties of the irons prepared by the authors in the laboratory 
may be due to the type of melting unit and raw materials used 
along with the fact that they were superheated to only 2700F 
during melting. 

It would be of interest if the authors would give us more in- 
formation on the effect of tin added to ordinary commercial 
irons. They have indicated that work has been done along these 
lines but the only results reported deal with what appears to 
be a piston ring iron with carbon equivalent? of 4.73 per cent. 

1. Lynchburg Foundry Co., Lynchburg, Va. 

2. The carbon equivalent (% C.E.) as defined by McElwee & Schneide- 


% Si % P 


wind equals % T.C. + 
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3. R. G. McElwee & Richard Schneidewind, “Correlation of Properties of 
Gray Irons.”’ Transactions AFS, Vol. 58 (1950), pp. 323-332. 
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